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THE EFFICIENCY OF GAUZE MASKS IN THE PROTECTION OF 
RABBITS AGAINST THE INHALATION OF DROPLET 
NUCLEI OF TUBERCLE BACILLP-2.3 

MAX B. LURIE and SAMUEL ABRAJMSON^ 

INTRODUCTION 

Although there is no certain knowledge as to the size of the infectious particles 
concerned in the origin of human inhalation tuberculosis, there is considerable 
circumstantial evidence to suggest that the entities involved are much smaller 
than the limits of ordinary visibility (1). As is well known, primary pulmonary 
tuberculosis in man takes root not in the upper respiratory passages but deep 
in the lung parench 3 mia, usually beneath the pleura. It is reasonable to assume, 
therefore, that the effective pathogenic units are smaller than the lumina of the 
terminal bronchioles. That the tubercle-bacilli-containing-particles responsible 
for the inception of natm’ally acquired air-borne pulmonary tuberculosis in 
rabbits are of microscopic dimensions was indicated by the effect of ultraviolet 
irradiation of the air of a room contaminated by tubercle bacilli derived from 
tuberculous animals. Such irradiation protected rabbits from an airborne 
contagion that caused progressive tuberculosis in 73 per cent of animals of the 
same genetic resistance to tuberculosis exposed to the same contagion for the 
same period of one year in an unirradiated room (2). As the ventilation of the 
irradiated room was such that some droplet nuclei of tubercle bacilli floating 
in tlie air were exposed for as short a period as only one second to 2537 A ultra- 
violet energy of an average maximum intensity of 200 y. W per cm® before their 
inhalation by the exposed rabbits, and as these particles were sterilized, as shown 
by failure of the animals to develop tuberculosis, it is likely that the infectious 
units are microscopic. 

Therefore, it was not at all certain Avhether gauze masks with pores of rela- 
tively large magnitude, such as may be worn by indmduals exposed to airborne 
contagion of human tuberculosis, would filter out the highly dangerous invisible 
droplet nuclei of tubercle bacilli. There is some evidence that six layer gauze 
masks, especially after repeated washing, will remove bacteria floating in the air 
and yet will not interfere significantly with the free passage of air necessary for 
respiration (3). 

Miss Esta H. McNett, of the Veterans Administration, who devoted many 
years of effort toward devising means of protecting nurses engaged in the care 
of tuberculous patients, has designed a six-layered gauze mask to be worn by 

' From the Henr 3 ’ Phipps Institute of the University of Pennsylvania, Philadelphia, 
Pennsjdvania. 

- Aided by grants from the Commomvealth Fund, the Ella Sachs Plots Foundation and 
the National Tuberculosis Association. 

’ Presented before the Conference on Tuberculous Nursing, as part of the sjunposium on 
Tl'^ays to Enhance the Value of Services, at the 44th annual meeting of the National Tuber- 
culosis Association, New York, New York, June 14, 1948. 

* Tuberculosis Control Division, Public Health Service, Federal Security Agency. 
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6 rabbits were exposed simultaneous^, 4 without masks and 2 with masks. 
Two of the 4 rabbits without masks wore killed immediately after exposure in 
order to determine the number of units of living tubercle bacilli retained bj" the 
lungs. The lungs were removed under sterile conditions, the bronchi cut at 
their junction with the lung parenchj’-ma and iveighed. The specimens were 
ground in sterilized, chilled Waring blendorswith 9 volumes of cold M/15 Na^- 
HPo 4 for four minutes. Aliquot portions of this lung tissue brei, as well as 
portions of the same suspensions treated with 6 per cent sulfuric acid, were 
planted on a modified Lowenstein’s medium (5). The number of colonies de- 
rived from a known weight of lung parenchyma indicated the total number of 
viable bacilli present in both lungs. This procedure makes possible the deter- 
mination of the minimum number of bacillaiy units retained by the lung par- 
enchjmia. 

The remaining 4 rabbits were allowed to live until the control unmasked 
rabbits developed strong tuberculin reactions. All of the 4 rabbits were then 
killed and the number of primary tubercles present in their lungs was accurately 
determined by excising each individual primaiy focus, except as otherwise indi- 
cated. 

The results are presented in table 1. In columns 3 and 4 of the table are listed 
the number of bacillaiy units isolated from the lungs of rabbits without masks 
which were killed immediately after exposure. With few exceptions, consider- 
able numbers of tubercle bacilli were isolated in each instance. These ranged 
from 30 to OA’^er 1,000 and averaged 275 tubercle bacilli units per rabbit. Ei’’eiy 
one of the rabbits that survived four or more weeks, exposed without masks, 
developed primary tubercles which ranged in number from 3 to 136 and averaged 
28 tubercles per animal. Twelve of the 20 masked rabbits which were simultane- 
oubIj*^ exposed, and killed at the same time as the controls, showed no grossl}’’ 
visible tubercles. Two such examples of the effectiveness of the gauze mask in 
the protection against tuberculosis are illustrated in figures 4 and 5. The re- 
maining masked rabbits were not completely protected. While the rabbits 
without masks exposed simultaneously with the masked animals developed from 
3 to 136 tubercles and averaged about 31 per rabbit, the masked rabbits de- 
veloped from 1 to 9 tubercles and averaged less than 4 per rabbit. Thus, even 
in the instances where the masks failed to afford complete protection, they 
prevented the inhalation of infectious particles to such an extent that the num- 
ber of tubercles developed was reduced eightfold. 

If the total number of tubercles developed 65'- the IS rabbits without masks 
is compared to the total number of tubercles developed 63'^ the 19 masked rabbits 
simultaneously exposed, the resulting values are 28 tubercles per rabbit for un- 
masked animals and 1.4 tubercles per rabbit for the masked animals. This 
represents a 95 per cent efficienc3’- for the mask in suppressing grossl3f visible 
primaiy pulmonaiy tubercles. 

In an effort to eliminate the role of variations in individual resistance to tuber- 
culosis, another e.xperiment was done. Six inbred rabbits, of the cross beta^een 
the A and D families (6), were exposed simultaneouslv to the inhalation of largo 
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* JJitui out! (iuy nficr oNposiin'; iit) (tiiicrolf lintalli could lie licinouBtrulod in the lungs 
by etiUtirc or guinea pig inoculation. 

** Died one day after exjioMure; -17 tulierde bacilli cultured from lungs. 

*•* Died immediately after exposure; tubondc bacilli demou.strated in lungs by guinea 
pig inoculation. 

**** Died four days after exposure; 172 tubercle bacilli cultured from lungs. 

J Xumber of tubercles delermiued by careful inspection and palpation. 

The number of bacilli inhaled was such that the unprotected rabbits developed 
120, 219, and 223 tubercles, respectively, in the lungs live weeks after exposure. 
On the other hand, of the masked rabbits, two, which tvere killed simultaneously 




Fig. 4 


Fig. 5 


Fig. 4. The lungs of rabbit M-13 (unmasked) and of rabbit M-17 (masked), at autopsy 
thirtj'-four days after a simultaneous e.xposure to droplet nuclei of virulent bovine t 3 'pe 
tubercle bacilli. Fifty-nine primarj’ tubercles were counted in the lungs of the control 
rabbit (M-13). No tubercles were seen in the masked animal (M-17). 

Fig. 5. The lungs of rabbit M-25 (unmasked), and of M-2G (masked) at autopsj’’ forty- 
four da 3 's after a simultaneous exposure to droplet nuclei of virulent bovine t 3 'pe tubercle 
bacilli. Twelve primar 3 ' tubercles were counted in the lungs of the control rabbit M-25. 
No tubercles were seen in the masked animal (M-26). 

TABLE 2 


Efficiency of game masks in the yrolcclion of rabbits against the inhalation of droplet nuclei 

of tubercle bacilli — Experiment It 



CONTROL i 

MASKED 

Rabbit number 

A D 2-31 

AD 3-9 

A D 3-5 

A D 3-4 

A D 2-37 

A D 2-2S 

Mask number and times used pre- 
vious to experiment 

Number of tubercles in both 
lungs 

none 

223 

1 

none ' 

126 

1 

none ' 

219 

1 

No. 3, 3 i 

1 

60 1 

No. 2, 7 

7 

No. 1, 3 

0* 


* Rabbit died 3 da 3 's after exposure; no tubercle bacilli could be obtained from the 
lungs b 3 ' culture or guinea pig inoculation. 
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with the control rabbits, had 60 and 7 tubercles, respectively, in their lungs. 
One rabbit died three days after exposure. No tubercle bacilli could be demon- 
strated either by culture or guinea pig inoculation in this rabbit’s lung. Thus, 
the efficiency of the masks in this experiment, based on the standards outUned 
above, was approximately 88 per cent, which is not materially different from 
that in the previous 10 experiments. 

Addition of the results obtained with these 6 rabbits exposed to massive num- 
bers of tubercle bacilli to those listed in table 1 reveals an average of 51 tubercles 
per rabbit in the unmasked animals and 4.3 tubercles per rabbit in the masked 
animals, or a mask efficiency of approximately 92 per cent. 

In column 2 of table 1 are given the serial numbers of the masks used for each 
rabbit. In each experiment the number of the mask listed first was used for 
rabbit 5 and the mask listed second was used for rabbit 6. In the same column 
are indicated the number of times each mask was used and the number of times 
it had been washed and autoclaved before further use. In some experiments 
the masks consisted of six layers of gauze, in others they were three-layered. 
It will be noted that no consistent difference in the efficiency of these masks was 
foimd under these varying conditions. 

DISCUSSION 

It has been found in this study that, if all the air respired by rabbits exposed 
to the inhalation of droplet nuclei of virulent bovine tubercle bacilli passes 
through three or six layer gauze masks, there is a 90 to 95 per cent reduction 
in the incidence of primary pulmonary tuberculous foci which develop within 
five weeks. It would follow, therefore, that, if the respired air contains but a 
few bacilli, the masked animal will usually be protected from an otherwise fatal 
infection. Indeed, 12 of 20 masked animals were completely protected against 
air-borne contagion of such intensity that from 29 to 1,027 tubercle bacilli units 
were deposited in the lungs of simultaneously exposed unmasked rabbits. 

Measurements of the thread diameters and interthread spaces of these masks 
showed (7) that the superimposition of three to six layers of this material would 
occlude practically all of the spaces and in this way explain the results of the 
experiments. 

It is not unreasonable to assume that the depth and force of the inspiration of 
the rabbits during their exposure, which varied with each animal, may be a 
determining factor. The deeper and more forceful their inspiration, the less 
effective may be the filtering capacity of the masks. This remains to be deter- 
mined. There are many other facts which can be ascertained relative to this 
problem by the methods described in this paper. 

In applying these data to the protection of human beings one must be ex- 
tremely guarded. The masks were so applied to the rabbits that all of the 
respired air passed through the masks. To be equally effective for human beings 
exposed to air-bome infection of tuberculosis, the mask must be worn in an equallj’’ 
effective manner. It would seem that this offers no insurmountable difficulty. 
If the frame into which the mask fitted could be constructed of pliable material 
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■which could be accurately apphed to the contour of the indi\ddual's face around 
the nose and mouth, and if this contact could be made airtight, there is no rea- 
son to believe that the mask could not effectivelj'’ filter out the dangerous in- 
visible particles that are concerned -with the inception of pulmonary tuberculosis. 
The masks protected rabbits from air populated with droplet nuclei of tubercle 
bacilli to a degree that would be rarely, if ever, found in the air respired by hu- 
man beings. For, as is well Imowm, human primary tuberculosis usually origi- 
nates as a single pulmonary focus, whereas the unmasked rabbits in these experi- 
ments developed an average of 51 primary tubercles. Nevertheless, it seems 
reasonable to ad\dse persons wearing masks for this purpose to refrain from deep 
inspiration as much as possible as it is not unlilcely that forceful suction pro- 
duced by deep inhalation may diminish the filtering efficiency of the masks. 

Conversely, as has been shoum by Jennison (8), masks worn by coughing 
patients can hardly be expected to retain the invisible droplet nuclei containing 
tubercle bacilli propelled through them by the often extremely forceful expirator}’^ 
chest movements during fits of coughing. 

SUMMARY 

Under the conditions of these experiments, from 90 to 95 per cent of patho' 
genic droplet nuclei of virulent bo-vine tubercle in the respired air can be re- 
moved by gauze masks properly worn by rabbits during quiet breathing of heavilj’’ 
infected ah. 

A method is described by which much pertinent information in regard to this 
problem can be acquired. 

The application of these data to the wearing of masks by human beings ex- 
posed to air-bome tuberculous contagion is discussed. 

SUMARIO 

La Eficacia de las Mascaras de Gasa para la Prolcccion de los Conejos contra la 
Inhalacion dc Nucleos de Bacilos Txihcrculosos en Gotillas 

En las condiciones de los e.xperimentos descritos, pueden eliminarse del ahe 
resphado de 90 a 95 por ciento de los niicleos en gotillas pat6genas de bacilos 
bovinos virulentos, por medio de mdscaras de gasa debidamente puestas en 
conejos, durante la respiracidn tranquila de aire inteusamente infectado. 

Describese un mdtodo que permite adquirir mucha informacion pertinente 
acerca de este problema. 

Se discute la aplicacion de los datos obtenidos al uso de mascaras por los 
seres humanos expuestos al contagio tuberculoso por via adrea. 
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PULMONARY RESECTION IN THE TREATMENT OF TUBERCULOSIS^- 
JOSEPH W. GALE, HELEN A. DICKIE, and ANTHONY R. CURRERI 

INTRODtJCTION 

Surgical collapse therapy in the treatment of pulmonary tuberculosis has 
progi’essed to the stage where indications for operative interference have been well 
established and final results can be predicted with more than a reasonable degree 
of assurance. There remains, however, a certain group of patients who have 
failed to convert after the use of conventional methods of surgical collapse and 
who need further surgical measures to rid them of active tuberculous foci. 
Therefore, it is not surprising that pulmonary resection, so successful in its 
application in the treatment of various nontuberculous lesions, should have been 
tried in these cases. 

In 1942 Thornton and Adams (1) collected and reported the cases of resection 
for pulmonary tuberculosis. There were 29 cases of pneumonectomy with a 
mortality of 45 per cent and 46 cases of lobectomy with a mortality of 25 per 
cent. The group varied so greatly that it was impossible to evaluate the results. 

Recently Janes (3), Maier and lUopstock (5), Overholt ci al. (7), Sweet (21), 
Bailey (9), and Clagett and Seybold (14) have reported larger individually con- 
trolled groups. The results of these studies show a more encouraging picture 
as to early operative mortality and end results. The improvement in the results 
is to be expected in view of the refinements in surgical technique employed in 
dealing with the hilar structures. More recently, however, Alexander (10) 
has compiled the largest group of cases (411) and found that only 45 per cent are 
apparently well and without tubercle bacilli in their sputum, 25.5 per cent are 
dead, and 29.5 per cent of the whole group have active uncontrolled disease. A 
study of such a large group demonstrates quite clearly that resection, as used 
to date, is not the answer to the problem. 

The present report deals with 80 resections performed at the State of Wisconsin 
General Hospital over a period of three years. The patients were referred from 
various sanatoriums throughout Wisconsin. Most of them had had some tjqje of 
collapse therapy prior to admission and they represented a group in need of 
further treatment. After thorough study they were brought before the’ com- 
bined medical and surgical staffs concerned with the treatment of pulmonary 
tuberculosis. Further measures were discussed and decided upon. In this 
group of patients such a concerted study was preferred to the decisions of only 
one or two individuals. 

' From the Departments of Surgery and Medicine, University of Wisconsin Medical 
School, Madison, Wisconsin. 

= Presented before the Medical Section, as part of the Symposium on Surgery — Trends — 
Late Results, at the 44th Annual Meeting of the National. Tuberculosis Association, New 
York, New York, June 16, 194S. 
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OPKRATIOX 

The opontivc torhnique etnuioycd was quite pimilar to that used by otliore. Tlie 
patient \vn5 plaecii on lii? le?? involved side. If there was excessive bronchial secretion, 
tv liroiiclioscopy was done and the ofToiuling side plugged with a Tampax pack. Tlie 
anesthetic agent varied and consisted for the majority of the patients of cyclopropane 
indurtion followed by ether. Tlie incision most recently employed was that used for 
first-stage thonicojilasty. Tins is of definite advantage if thoracoplasty is to be per- 
formed at the same sitting. The sixth or seventh rib was resected after the intercostal 
nerves-' of the resccteii .and .ndjoiniiig ribs were crushed to reduce postoperative pain, 
hollowing resection, one gnun of .streptomycin and 100,000 units of penicillin were intro- 
dumi into the pleura! .'jwce. Xo dminage was used following pneumonectomy but in 
all c.ases of lobectomy draiievge was instituted and maintained for at least forty-eight 
hours. If additional air or fluid accumulated after reinowal of the tube, aspiration was 
done promptly to promote complete cxjvansion of tlie rcm.aining lobe or lobes. The intra- 
plonra! pressure was kejjl negative following pneuinoncctomy. TJioracentesis was re- 
poatoil every' other day. IHuid was withdravvn, onc-hnif gram of streptomycin instilled, 
and the jdeural pressure readjusted. These jirocedurcs were continued until the pleural 
space was obliterated .ami fluid no longer accumulated. Patients who had had a preadous 
thoracoplasty were objcrvcal closely because the .small pleural space following pneumon- 
ectomy reacted quickly, and at times violently, to minor pressure changes. It is felt 
that the early obliteration of the pleural .=p.ace li.as been most valuable in preventing the 
ficvclopment of e.arly and late tuberculous empyema. Upper stage thoracoplasty was 
done at the time of resection if the condition of tlie patient pennitted. If not adxdsable 
then, it was carried out as .coon afterwards as po.=sible, 

Plireniceclomy was done routinely following pneumonectomy but the function of the 
diaphragm was prc.-=cn-cd following lobectomy to ensure normal actmty of the remaining 
lobe .ami .ns .a guard against atelectasis. Bronchoscopy was used immediately post- 
oper.vtivcly only if secretions had been troublesome during the operation. Blood trans- 
fusions were used freely during the ojicration and throughout the postoperative period. 
The patient was jilaccd in the Trendclenberg position for the first twenty-four hours. 
Frequent vigorous changes in jiosition were mandat oiy. Subcutaneous and intravenous 
fluids were given until the patient was able to maintain his fluid balance. The patient 
was returned to the sanatorium ns soon ns lie was judged fit to traxtl by ambulance. 

IXDlC.\TIOXS 

rtlany factors enter Into the consideration of any patient as a candidate for 
re.section. Xevorthcless, certain broad indications must be adopted in order to 
have a starling point. The indic.ations used in this group of patients conform 
surprisingly^ well to those followed by' a number of other surgeons (table I). 

Thoracoplasty failure: Tlie group of patients in whom thorocoplasty had failed 
represented the chief indication for resection (tables 2 and 3). There were 41 
such cases (51.25 per cent). Twenty-six (32.5 per cent) had pneumonectomy and 
fifteen (18.75 per cent) had lobectomy’’. Frequently' there were other important 
lesions present, some of which may' be considered as definite indications for 
resection; but these were considered secondary if a previous thoracoplasty had 
been performed. Seventeen patients had received pneumothorax, 12 had stenosis 
of the lobar or stem bronchus, 7 showed severe bronchiectasis, 6 had repeated 
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pulmonary hemorrhages, and 2 had empyema, one tuberculous, the other a 
mixed infection. The lobectomy group contained 9 with bronchiectasis, 8 with 
cavity or cavities, 3 with atelectasis, 2 -ndth recurrent hemoptysis, and one vuth 
lobar stenosis. 

TABLE 1 


Broad indications for resection (various surgeons) 


KAUE 

THORA- 

COPIASTY 

rAILUEE 

BROKCHO- 

STENOSIS 

TDBBR- 

CULOMA 

LOWER LODE 
AND 

BASAL CAVITIES 

TOBERCULODS 
, BEONCHIECrASI! 

GIANT 

CAVITY 

5 DESTSOYE 
LtTNG 

PNEUMO- 
_ THORAX 
FAILURE 

Adams (2) 

+ 


+ 

+ 

+ 

+ 


Alexander (11) .... 

Patients for whom collapse therapj' is unsuitable or for whom it has 


1 


been tried unsuccessfully 



Clagett (13) 

+ 

+ 

+ 


+ 

+ 


Dolley (12) 

+ 

+ 


4* 

+ 

Ten- 








sion 








cav- 



i 





ity 


Janes (4) 

+ 

+ 

+ 

If pneumo- 



+ 


' 1 



thora.v or 








phrenic 








surgery 








fails 




Jones (15) 

+ 

4* 

+ 

+ 

+ 


+ 

Kinsella (16) 

+ 

+ 



+ 



Maier (6) 

+ 

1 4* 

1 + 

+ 

+ 

+ 

+ 

O’Brien (17) 

+ 

Over 70 

+ 

+ 

Does not 

1 

+ 



per cent 



respond 








to strep- 








tomycin 








or is vcr 3 '- 








e-xten- 








sivc. 



Ochsner (18) 

+ 

+ 

4" 





Overholt (8) 

+ 

+ 

Of size 

4" 

+ 

+ 


Samson (19) 


+ 

+ 

+ 

-1- 

+ 


Strieder (20) 


+ 

4" 


+ 

Ten- 








sion 








cav- 








ity 


Sweet (22) 

+ 

4" 

4* 

4~ 

Distal to 








obstruc- 








tion. 



Woodruff (23) 

+ 

High grade 

+ 

4' 




Authors 


+ 

+ 

4" 

4- 

+ 

+ 


Bronchostenosis: The second most common indication for resection was 
bronchostenosis, which was present in 16 cases (20 per cent). Thirteen (16.25 
per cent) of this group had pneumonectomy and 3 (3.75 per cent) lobectomy 
(tables 4 and 5). In the pneumonectomy group there were 5 cases of atelectasis. 
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TABLE 2 


Thoracoplashj failure (lobrclomp) 


fAnrNT, 
ACC* ftX 

1 

ilTTACr. PVTtATlOS 
! rrrviors 
j TtirCAPY 

ira’Pt.sTVTJCT 

tonrerouv 

DATE 

j rosTorrRAn\T- copese 

VJtzsrsr status 

r. N. 

V. 

M 

j TI, h .vmrff 

1 ThnrAtv>;''Jn‘ty 

1 13ronrh!(yla«ls IIU 
! ami MI/, pneumo- 
i nilis 

RCandMI/ 

4-24-15 

1 Continued improve- 
I meat 

9-1-17 *'jJ 0 ffativo” spu- 
tum, full time work 

C. }'. 

$• 

r 

1 III, 3jrar- 
j ritrrni? 

1 

» miroptA^ty, 

1 rpvl«‘on 

j Cftvjtj' KL74, I’ron' 

* hronchtti* 

nvL 

i S-23-4S 

1 

! 

t 

! Uneventful 

1 

i 

Janunrj' 194S *'ncga- 
tlvc’* sputum, work- 
ing as nurse, sjTnp- 
tom free 

n. r. 

*1 

r 

! ni, Symrs 

1 rnr.iwotho* 

1 nvc, pncu» 

; inoyy^to* 

I nrjm, tho- 

1 mroplMty 

: Cavity t,irr, 

t 

1 

! 1 

! lATl, 
j 5-24-45 

i 

( 

Died in October 1947. 
Spread to contralateral 
lunc 

Dead 

K. n. i 
:< 

M 

in, 5 yran 
Vnrtmctho- 
mXt tiiont- 
eopl.n.'-ty 

j Bronehitvtt'h* LUL j 

j tvilh hcnioptj'^ii ^ 

! 1 
i 

1 LUL 

1 lO-MG 

1 

1 

Severe dyspnea for 4 
Tvcchs becAU-^cof low i 

rwpiratory reserve i 

1 

1 

0-5-47 “no/'^ativc*' spu- 
tum, at homo, work- 
ing, rocntgcnogrmina 
stable 

A,R. 

35 

F 

in, S >«r!i 
rjirrtlio pur- 
Krr>', thorn- 
eophnPlj-.ro- 
vi«ictn 

{ Bronchicclos'ip and 

1 cavity Ill'L, pte- 
j ncvlp tn, bronclms 

! i 

I 1 

RUandML 

11-30-46 

Atelectasis RLL for 4 i 
dnj-3 

0-1-47 "negative'' spu- 
tum, at home, con- 
tinued well 

L. n. 

23 

M 

HI, 6 yearn 
Thors copla'ty 

i 

Atcloctiv*!^ KUL with 
bronchi<>ctA?li 

RUandML 

2-21-17 

j 

Vertigo duetOBlrcpto- 
mycin 

9-24-47 “negative" 

sputum, 12-20-47 

“negsitivc'’ sputum, 
rehabilitation at 

sanatorium 

A. \Y. 

45 

54 

III, 4 j-csits 
Pneumotho- 
rax. thorn- ; 
coplapty 

KU nn'l ML Bron- 
chiectasis 

RUandML 

2-26-47 

Uneventful 

9-1-17 “negntivo" spu- 
tum, no change 
Januarj* 104S, 4-15-48 
“negative" sputum 

V. 0. 

25 

M 

n, 5 yonra 
Phrenic sur- 
nerj-, thora- 
coplasty 

Bronchiectasis RUL 

■ 

Developed cavity in 
contralateral upper 
lobo Nov*einber 1047 
closed and remained 
ciceed 

9-1-47 “negative" spu- 
tum, I-I9-4S “nega- 
tive" sputum 

A. W. 

33 

M 

in* 0 ycais 
ThoTacoplnsty, 
r c V 2 a i o n , 
pneumotho- 
rax on oppo- 
site side 

Cavity RUL 

RUandML 

7-1S-47 

Dj'spnca and palpita- 
tion, responded 

slowly 

8-14-47 sputum posi- 
tive for tubercle ba- 
cilli, 4-15-48 sputum 
positive for tubercle 
bacilli 

R.B. 

44 

M 

in, 3 years 
Tlioracoplasty 
for tension 
ca^*ity 

Largo cavity UUL, 
hcmoptj'sis, rod 
bronchus 

Ku and llfL 
9-17-17 

Slow continued im- 
provement 

10-29-47 sputum posi- 
tive for tubercle ba- 
ciUi, 3-1^8 “nega- 
tive" sputum fol- 
lowing three cultures 
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TABLE 2 — Concluded 


PATIENT, 
AGE, SEX 

STAGE DURATION 
PREVIOUS 
THERAPY 

im’OLVEMENT 

LOBECTOMY 

DATE 

POSTOPERATI\*E COURSE 

PRESENT STATUS 

H. D. 

27 

F 

III, 5 years 
Thoracoplasty j 

Multiple cavities 

RUL, bronchiecta- 
sis 

RUL 

10-15-47 

Atelectasis of M and 
L immediately post- 
operativclj- subsided 

3-9-48 “negative" spu- 
tum, roentgenograms 
stable 

M. A. 

38 

F 

in, 12 years 
Thoracoplastj- 

Cavity RUL 

RUL 

10-24-47 

Reactivation of tuber- 
culosis otitis media 

11-8-47 “negative" 

sputum, 4-I-4S 

“positive" sputum, 
otherwise excellent 

H. S. 

62 

M 

m, 3 years 
Thoracoplasty 

Cavity and bronchi- 
ectasis RUL 

1 

RUL 

10-24-47 

Chest has remained 
stable 

11-18-47 “negative" 
sputum, 4-15-48 

“negative” sputum 

I. M. 0. 

36 

F 

III, 9 years 
Pneumotho- 
rax, thora- 
coplasty 

Atelectasis and fibro- 
sis LUL 

LUL 

12-22-47 

1 Auditory and visual 
hallucinations 

4-15-48 “negative" 

sputum 

E. L. 

43 

F 

1 

III, 35 years 
Thoracoplasty 

Large thin-walled at 
medial side of left 
apex 

LUL 

2-10-18 

Uneventful 

4-15-48 sputum “nega- 
tive" on smear 


2 with repeated hemoptysis, and 3 with cavities. One patient (M.M.) did not 
have a thoracoplasty following lobectomy and developed a “spread” in the apex 
of the right lower lobe eight months later. A thoracoplasty was performed to 
control the “spread.” 

Tuberculous bronchiectasis: The third most common indication, tuberculous 
bronchiectasis, concerned only 8 cases (10 per cent). All patients in this group 
had lobectomy with the removal of one or two lobes. Two had cavitation of the 
involved lobe, in addition one had repeated hemoptyses, and one a contralateral 
pneumothorax at the time of resection. Three patients had thoracoplasty per- 
formed at the time of lobectomy, and three soon thereafter. One patient (M.M.) 
had a segmental resection of the apex of the lower lobe. This was the only time 
segmental resection was done in the entire series. One postoperative death 
occurred. 

Lower lobe lesions: The group of lower lobe lesions consisted of 4 cases (table 
7). The patient (J.DeS.) might have been placed in another group but the e.xist- 
ence of a tuberculoma in the lower lobe would appear to justifj’’ his being included 
here. 

Pneumothorax Sailurc: Four cases with unsuccessful pneumothoraces have been 
included (table 8). One patient (C.S.) suffered a spontaneous collapse as the 
first recognized sjmiptom early in the course of his disease; this resulted in a 
tuberculous empyema and a nonexpansile lung. Two patients had nonexpansile 
limgs. One patient had a thick-walled caidty in a well collapsed right upper 
lobe. Two had lobectomy, one with decortication and expansion of the remaining 
lobe, while 2 had pneumonectomy. All received a later thoracoplasty. 

Destroyed lung: Three patients bad far advanced lesions with widespread 






































TABLE 3 


Thoracoplasiy failure (pneumonectomy) 


PATIZNT, 
AGE, SEX 

STAGE DURATION 
PREVIOUS 
THERAPY 

INVOLVEMENT 

PNEU- 

MONEC- 

TOMY 

DATE 

POSTOPERATIVE COURSE 

PRESENT STATUS 

H. S. 

36 

F 

m, 8 years 
SaDatorium, 
phrenic sur- 
eeiy, pnoumo- 
thorai, thora- 
coplasty 

Stenosis LIJL bron- 
chus, atelectasis of 
UL 

Left 

12-7-44 

Coughed up edk sutures 
6 months later; spread 
to right lung which 
cleared; reactivation 
right lung February 
1048 

11-25-47 sputum "posi- 
tive,” 4-15-48 spu- 
tum "positive” 

I.M. 

36 

P 

III, 5 years 
Sanatorium, 
phrenic sur- 
gery, thoraco- 
plasty 

Extensive cavitation, 
(Destroyed lung) 

Right 

6-21-45 

Uneventful 

3-1-47 sputum “nega- 
tive,” continued well, 
4-15-48 full time 
work 

L.W. 

35 

M 

m, 5 years 
Pneumothorax, 
thoracoplasty, 
revision 

Persistent cavity, he- 
moptj’sis 

Right 

6-29-46 

Hemothorax, poatopera- 
tively controlled 

9-1-47 sputum “nega- 
tives,” TB sinus 
chest wall. Reoper- 
ated 4-15-48 nega- 
tive) 

S.L. 

33 

F 

in, 15 years 
Phrenic sur- 
geiy, thoraco- 
plasty, re- 

gion 

Bronchiectasis, high 
grade stenosis right 
stem bronchus 

Right 

10-26-45 

Uneventful 

4-15-48 sputum “nega- 
tive,” part time 
work, low pulmo- 
nary reserve as be- 
fore operation 

T.E. 

46 

M 

ni, 4 years 
Pneumothorax, 
thoracoplasty 

Stenosis E.UL bron- 
chus, mixed infec- 
tion empyema 

Right 

4-20-4C 

Immediate reactivation 
on left with effusion, 
cleared with strepto- 
mycin 

3-9-48 sputum "nega- 
tive” 

A. K. 

40 

F 

II, 10 years 
Phrenic sur- 
gery, pneumo- 
thorax, thora- 
coplasty 

RUL cavitation, 

bronchiectasis, red 
bronchus 

Right 

6-14-46 

Uneventful 

0-1-47 sputum "nega- 
tive,” at home; 
January 1948 con- 
tinues well; excellent 

E. L. 

25 

F 

in, 7 years 
Pneumothorax, 
phrenic sur- 
gery, thoraco- 
plasty 

Atelectasis with tu- 
berculo\is bronchitis 

Right 

6-20-46 

Uneventful 

9-1-47 sputum “nega- 
tive,” full time work, 
continues well 4-15- 
48 

V. K. 

20 

F 

in, 6 years 
Pneumothorax, 
thoracoplasty 

RUL bronchial steno- 
sis, atelectasis of 
right lung with 
cavity 

Right 
j 7-2-46 

Ulceration of bronchial 
stump, visible silk su- 
tures, to be removed 

12-1-47 sputum “posi- 
tive,” should clear 
with removal of silk 
sutures 

L. K. 

20 

M 

III, 4 years 
Pneumothorax, 
thoracoplasty 

Stenosis of left stem 
' bronchus; tubercu- 
lous bronchitis, 

active 

Left 

7-3-46 

Reactivation on right 
August 1947 after dis- 
charge from sanato- 
rium, cleared with 
Btreptom3'cin 

19-2-47 sputum “posi- 
tive,” 4-15-48 spu- 
tum “negative” 

A.B. 

38 

M 

in, 13 years 
Phrenic surgery, 
pneumotho- 
rax, thoraco- 
plasty 

Cavitation LUL, ste- 
nosis stem bron- 
chus, suppurative 
pneumonitis 

Left 

2-l(W7 

Continued improve- 

ment 

9-1-47 sputum “posi- 
tive,” 1-24-4S spu- 
tum “negative,” 2- 
2S-4S sputum “nega- 
tive,” at home 

E. F. 

54 

M 

m, 9 years 
Thoracoplasty 

Persistent cavitation, 
intermittenthemop- 
tj'sLs 

Right 

3-11-47 

Died suddenly 9-7-47 of 
coronary occlusion 

Sputum “negative” 

9-1-47 six daj’s be- 
fore death 


15 


































































TABLE 3 — Continued 


PATIENT, 
AGE, SEN 

STAGE DURATION 
PREVIOUS 
THERAPY 

INVOU'EUENT 

PNEU- 

ifONEC- 

TOMY 

DATE 

POSTOPERATIVE COURSE 

PRESENT STATUS 

F. S. 

27 

F 

III, 2 years 
Thoracoplasty 

Fibrocaseoua tubercu- 
losis -with capta- 
tion, bronchiectasis 
and increasing ate- 
lectasis 

Right 

3-1H7 

Reactivation at left 
apex, streptomycin 
for 90 daj's halted dis- 
ease, now stable 

0-1-47 sputum “posi- 
tive,” 2-28-48 spu- 
tum “negativo” 

C. R. 

22 

F 

in, 6 years 
Pneumothorax, 
thoracoplasty 

Fibrocaseous with 

cavitation, stenosis 
right stem bronchus 

Right 

3-25-47 

Ulceration of bronchial 
stump 10-1-47, cleared 
following streptomy- 
cin for 160 daj-s 

&-1-47 sputum “posi- 
tive," 2-15-4S spu- 
tum “negative” 

S. M. P. 

44 

F 

in, 19 years 
Thoracoplasty 

Pyogenic infection su- 
perimposed on cav- 
ernous lesion, un- 
controlled cough 

Left 

5-2-47 

Streptomycin reaction, 
cyanosis, dyspnea; a 
respiratory cripple 

9-1-47 sputum “posi- 
tive,” dyspnea im- 
proving, died 2-28-48 
cardiac failure 

M. K. 

41 

F 

HI, G 3'ears 
Phrenic sur- 
gery, pneumo- 
thorax, pneu- 
moperitone- 
um, thoraco- 
plasty 

Bronchiectasis RU 
and ML, repeated 
hemoptysis 

Right 

5-10-47 

Comph'cating peptic ul- 
cer, bleeding; lung 
stable 

10-1-47 sputum “nega- 
tive;” continues well 
4-15-48 

N. D. P. 

44 

SI 

III, 7 years 
Pneumothorax, 
pneumoperi- 
toneum, 
phrenic sur- 
gerj', thoraco- 
plasty 

Extensive lesions 

throughout lung, 
active bronchitis 
cleared with strep- 
tomycin 

Left 

7-28-47 

! 

Convalescence satisfac- 
tory, now in rehabili- 
tation in sanatorium 

1-5-48 sputum “nega- 
tive” 

A. J. 

34 

F 

HI, 8 years 
Thoracoplasty, 
revision 

Stenosis RXJL bron- 
chus, ca^•itation IT 
and LL, bronchi- 
eotasU 

Right 

9-H-47 

Left lung has remained 
stable 

4-15-48 sputum “negn- 
tivo” 

I. W. 

44 

F 

1 III, 5 years 

I Permanent, 
phrenic sur- 
gery, thora- 
coplasty 

Pinpoint stenosis, 

suppurative pneu- 
monitis, hemopty- 
sis, bronchiectasis 

Left 

9-15-47 

Right lung continued to 
remain quiescent 

1-4-48 sputum “nega- 
tive,” on rehabilita- 
tion in sanatorium 

E. T. 

28 

F 

II, 7 years 
Phrenic sur- 

gery*. thora- 
coplastj’ 

Fibrocaseous tubercu- 
losis, bronchiecta- 
sis, repeated hemop- 
tj’sis 

Left 

lO-ICM? 

Rapid convalescence 

12-20-47 sputum “neg- 
ative,” right lung 
normal 3-24-48 

F. R. 

21 

SI 

m, 2 years 
Phrenic suf- 
gcry, pneu- 
moperito- 
neum, thora- 
coplasty 

Jlultiplo bronchicc- 
tatic cavitation, re- 
peated liemoptysis 

Lelt 

10-1047 

Hn* remained quiescent 
eince operation 

Six sputum "negative” 
cultures einco opera- 
tion 

SI. G. 

28 

F 

III, 8 years 
Phrenic sur- 

gery’, thora- 
coplasty 

i Stenosis left stem 

1 bronchus, many 
! bronchioctatic cavi- 
1 ties, cavities in LL 

Left 

11-28-47 

1 

1 

Streptomycin started 3- 
4-48, no ondcnco of 
spread or reactivation 

3-24-48 sputum “pofi- 
tivc” 

R. y. 

21 

F 

III, 4 years 
Thoracoplasty 

Multiple cavities, 

bronchiectasis 

f 

Left i 
12-3-47 j 

Right lung has contin- 
ued to remain stable 

1-2-4S sputum “negn- 
tivo” 


IG 
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TABLE 3 — Concluded 


PATIENT*, 
AGE, SEX 

1 

STAGE DtTRATION 
PREVIOUS 
XnEFLXPY 

IXVOU'EMENT 

PNEU- 

JIOIJEC- 

TOMY 

DATE 

POSTOPERATIVE COURSE 

PRESENT STATUS 

C. L. ' 

48 

M ! 

in, 9 years 
Pneumothorax, ■ 
oleothorax, 
thoracoplasty, 
strcptomjxin 

Pinpoint stenosis 

stem bronchus, cav- 
ity at apes, tuber- 
culous empyema 

I^eft 

12-8-47 

Condition has gradually 
improved 

2-8-48 sputum “nega- 
tive” 

M. M. 

22 

F 

III, 3 years 
Pneumothorax, 
promine, tho- 
racoplasty 

Bronchiectasis, stric- 
ture LL bronchus, i 
atelectasis 

Left 

12-18-47 

Patent ductus ligated at 
operation 

1-4-48 sputum “nega- 
tive,” right lung 
stable 

M. H. 

2C 

F 

HI, 5 years 
Thoracoplasty, 
1945 

SwclIinR of right stem 
bronchus, bronchial 
“spread" 

Right 
2-4-4S 1 

Continued improve- | 
ment 

4-15-48 sputum “nega- 
tive” 

D. W. 

30 

F 

1 

III, 5 years 
Phrenic surfrerj*, 
right 1914; 

thoracoplasty, 
right 1946 

Tuberculous granula- 
tions in right stem 
bronchus, mucopu- 
rulent secretions 

Right 

2-12-48 

Continued improve' 
ment 

4-15-45 sputum “nega- 
tive” 


TABLE 4 


Bronchial stenosis {lobectomy) 


PATIENT, 
AGE, SEX 

STAGE DURATION | 
PREnODS 1 

TtTERAPY 

1 

INVOL\TirEXT 

LOBECTorrv 

DATE 

POSTOPERATIVE COURSE 

PRESENT STATUS 

M. SI. 

31 

F 

II, 5 years 
Pneumothorax, 
pneumonoly- 
sis, phrenic 
surgery 

Stenosis of RUL 
bronchus ■with ate- 
lectasis; recurrent 
pneumonitis 

RUL 

9-14-40 

i 

Thoracoplasty in 

May 1947 for basal 
spread 

February’’ 1948 gastric 
culture “negative”; 
starting exercise in 
sanatorium; condi- 
tion excellent 

V. T. 

27 

SI 

in, 3 years 
Pneumothorax, 
pneumonoly- 
sis, phrenic 
surgery 

Bronchitis right stem 
bronchus; recur- 
rent pneumonitis, 
carities in LL 

RM and LL 
, phrenic 

S-IG-4G 

Continued improve- 
ment 

9-7-47 “negative” 

sputum, slight dysp- 
nea on extreme 

' exertion; “nega- 

tive” sputum, Feb- 
ruarj', 194S 

L. SI. 

20 

II, 5 years 

Phreni c surgery, 
extrapleural 
pneumothorax 

Stenosis RUL bron- 
1 chus, atelectasis 
UL; ulcerative 

bronchitis respond- 
ed to streptomycin 

KBL 

10-7-47 

Thoracoplasty 

10-30-47 

Tuberculous laryn- 
gitis; streptomycin 
12-29-47 to 3-2-48 
■with great improve- 
ment 

4-16-48 Repeated spu- 
tum cultures “nega- 
tive” 


destruction of lung parenc]i 5 'ma. One patient (B.P.) had a large mixed abscess. 
These 3 had pneumonectomy followed by thoracoplasty. 

Tension cavity and mistaken diagnosis: Only one patient had a true tension 
cavit 5 ’' (table 10). An upper lobe lobectomy was done without subsequent 
thoracoplasty in tliis patient who refused to consider any type of surgery with 
resultant chest deformity. There were three instances (3.75 per cent) in wliich 
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TABLE 5 


Bronchial stenosis (pneumonectomy) 


PATTEHT» 
AGE, SEX 

1 STAGE DTTEATION 

1 PREVIOUS THERAPY 

iNVOtVEMEKT 

PNEUMONEC- 
TOUY PATE 

POSTOrEBATIVZ 

COURSE 

PRESENT STATUS 

p. s. 

18 

F 

j in, 4 years. 

1 Sanatorium 4 

1 years, phrenic , 
i surgery 

Fibroid lesion, atelec- 
tasis, pinpoint ste- 
nosis left stem 
bronchus 

Left 

3-13-46 

Rapid convales- 
cence 

December 1947 "neg- 
ntivo” sputum, at 
home, attending 
school 

R. B. 

22 

F 

III, 2 years. 
Pneumothorax 

Incxpansilo atelec- 
tatic lung:, high 
grade stenosis left 
stem bronchus 

Left 

12-26-46 

Thoraco- 

plasty 

1-20-47 

Uneventful 

9-1-47 “ncgati\-o'' 
sputum, in s.ana- 
torium, 4-26-48 at 
homo 

R. S. 

29 

F 

III, 7 ye.ara. 
Pneumothorax, 
phrenic surgery 

Bronchial stenosis, 
repeated hemopty- 
sis caseous lesions 
throughout 

Left 

3- 17-47 

Thoracoplasty 

4- 9-47 

Chest films con- 
tinue to remain 
unchanged 

3-4-48 “nogativo*' 
sputum, at homo 

R. L. 

19 

F 

: III, 4 years. 
Streptomycin for 4 
months in sanato- 
rium 

Stenosis of left stem 
bronchus 

Left 

3- 18-47 

Thoracoplasty 

4- 2-47 

Excellent convales- 
cence 

3-9-48 “negative” 
sputum, at home 

D. K. 

18 

F 

III, 4 years. 
Pneumothorax, 
pneumonolysis, 
phrenic surgery 

Cavitation LIJL, 
stenosis of stem 
bronchus, recur- 
rent pneumonitis 

Loft 

3- 31-47 

Thoracoplasty 

4- 19-47 

Continued im- 

provement 

4-15-48 “negative” 
sputum 

G. H. 

44 

M 

II, 12 years. 
Pneumothorax 

Stenosis of stem 
bronchus with widely 
disseminated dis- 
e.aso, cavity UL 

Left 

5- 1W7 

Thoracoplasty 

6- 10-47 

Streptomycin 7-24- 
47 to 9-7-47 be- 
cause of Question- 
able periaarditis; 
opposite lung 
stable 

3-15-48 “negative" 
sputum 

A. K. 

23 

F 

III, 6 years. 

Pneumothorax, 1 

pUrenio surgery; 
streptomycin for 
DO clan's in sana- 
torium 1947 

High grade stenosis 
stem bronchus, 

scattered tubercles 
in UL 

Left 

6-28-17 

Thoracoplasty 

0-18-47 

S.atisfactory con- 
valescence 

2-11-43 *‘nogativo*^ 
sputum, in sana- 
torium, 4-I5-4S at 
homo 

J. R. 

33 

F 

III, C years. 

Pneumoperito- 
neum streptomy- 
cin, pneumo- 

thorax, 2 phrenic 
operations 

Stenosis of stem bron- 
ebua 

1 

^ Bight 
: 7-29-47 
Thoracoplasty 
8-20-47 

General condition 
continues to im- 
prove 

2-1-48 “negative” 
sputum 

K.P. 

2S 

M ! 

in, 34 years. 
Sanatorium 

Stenosis of stem bron- 
chus ^th complete 
atelectasis 

Left 

8-1-47 

Thoracoplasty 

S-2S-47 

Continued im- 

provement in 
sanatorium 

2-1-48 “nognti\’e” 
sputum 

A.K. 

47 

M 

II, 1 5’car 
Streptomycin 4 

months in sana- 
torium, pneumo- 
thorax 

Atelectatic left lung 
with cavity, high 
i grade stenosis 

i 

Left 

9-29-47 

Died of cerebral 
thrombosis 10-1- 
47 

Dead 

W. 0. 

30 

11 

in, 5 years. Pneu- 
mothorax, pneu- 
monolj-sia, 2 phm- 
j nic operations ^ 

Stcnofds of KLL 
bronchus, hemopty- 
sis, bronchiectasis, 
severo cough 

Right 

11- 30-47 
Thoracoplasty 

12- 3-47 

Severe dj’spnea for 

1 month 

Left lung rcm.aia^ 
stable, 4-15-43 

“negative” spu- 
tum 


























































TABLE 5 — Concluded 


rATir.NT, 
ACr, 5KX 

STACr. DVRATIOK 

rR^\^f)rs ntrsArv ] 

1 

ISrVOUTAir.NT 

PNT.UMOVKC- 
TOMV DATE 

POSTOPERAn\’E 

COURSE 

PRESENT STATUS 

A. H. 

r 

HI, IS jf-mi 
Pncimiotbrimx, 
therncotomy for 
mixed ir.fcetion 
empj-oroa 

Ato'cefntre hiru:. com* 
picto bronchinl yte- 
numerous 

bronehicc* 

tAStS 

Left 

1*-I0-17 

Tbomcoplasty 

i:-0(M7 

' Streptomycin 
! started 2-21-48 , 
bocaupo of reopen* 
ins of old chest 
sinus 

4-15-48 sputum cul- 
tures “negative’* 

c. n. j 

:i 1 

F i 

1 

i 

III, 2 yoAr*. 
rncumo|»<?rito 
ncyra, phrrnir 
purjcrciy* 

10 per cent eteno*js of 
rfem bronchus, nc- j 
live bronchitis xrith | 
no ulceration 

Left, with ! 

thoraco- 
plasty 

l-)3-t8 j 

Opposite lung has 
remained stable 

4-15-48 “negative” 
sputum 


TABLE 6 

7'tibcrculous bronchiectasis (lobectomy) 


PATIENT, 
ACE, SEX 

STACr. POXATtOS i 
rxEtuocs 1 

TUESArV j 

rK\*OtNTWEST 

OPERATION DATE 

POSTOPERAnVE COURSE 

PRESENT STATUS 

H.M. 

:g 

M 

n, 7 jTars. j 

I'ncumolhonvx, | 
phrenic sur- 1 
rerj- ] 

j 

Broncbieciash*. re- 
j peated hemoply- 
fis, cavity LUL 

LB lobectomy 
2-19-15 

Working full time at 
present, lesion stable 
by roentgenography 

8-1-47 “negative” 
sputum, full time 
work, 4-15-48 

“negative” spu- 
tum 

B. H. 

59 

JI 

III, 3 ycHTr. 1 

Bed*rcst j 

Bronchiectasis RU 
and ^^L, severe 

1 RU and ML lo 
! bcctomy 
2-IC-4G 

Developed bronchial 
fistula, putrid empy- 
ema 

Died 55th postopera- 
tive day 

B. K. 

25 

F 

II, 5 month?. ' 
I’hrcnic surserj’, 
streptomycin 
SSdajTt in sana- 
torium 

Bronchiectasis RU 
and ML, caseous 
lesions bronchial 
distribution 

RU and ML lob- 
ectomy nnd 
thoracoplasty 
n-12-17 

streptomycin contin- 
ued until l-lS-48, 
total of 80 daj-s, 
chiBt roentgenogram 
reve-als stable lesions 

February 1948 “neg- 
ative” sputum 

F. O. 

23 

F 

II, 2 yc.ats 
Pneumothorax, 
phrenic sur- 
Kcry 

Bronchiectasis, 
atelectasis RtJL 

RO lobectomy 
Thoracoplasty 

1-23^7 

Roentgenogram re- 
veals stable lesions, 
streptomycin S-23- 
47 to 11-25-47, no 
source evident 

5-1-47 “positi^'c” 
sputum, 1-29-48 
“positive” spu- 
tum 

M. M. 

20 

F 

1 

III, 4 yciirs. 
Pneumothorax, 
plircnic sur- 
EPO' 

Bronchiectasis 

RUL, copious 
sputum, contra- 
lateral pneumo- 
thorax 

RU lobectomy 
$-21-47. Seg- 
mentalof apax 
LL. 

Thoracoplasty 

&-I3-47 

Small bronchopleural 
fistula with mixed 
infection, closed 

with thoracoplasty 

10-21-47 “negative” 
sputum, January 
1948 “negative” 
sputum; condition 
excellent 

M. R. 

25 

F 

j 

II, 9 years. 
Pneumothorax 

Bronchiectsisis 

BUL 

LU lobectomy 
S-25-17 

Phrenic Burgery 

8- 3(M7 

Thoracoplasty 

9- 11-47 

Continued good dur- 
ing postoperative 
period 

'}0-21-i7 “negative” 
sputum, January 
1948 “negative” 

sputum; chest sta- 
ble 

S. B. 

20 

M 

III, 2 years. 

2 phrenic opera- 
tions 

Bronchiectasis with 
cavitj’ RUIi 

RU lobectomy 

9- l(M7 

Thoracoplasty 

10- 3-47 

Temporary atelectasis 
LL 

10-1-47 “negative” 
sputum, 12-1-47 
“negative” spu- 
tum; being reha- 
bilitated 

H. G. 

36 

F 

III, 1 year. 
Streptomycin 92 
daj’s 

Saccular bronchiec- 
tasis RUL with 
cavity 

RU lobectomy 
and thoraco- 
plasty 

2-13-48 

Uneventful 

4-20-48 “negative” 
sputum 


19 
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TABLE 7 
Lower lobe lesions 


PATIENT 
AGE, SEX 

STAGE DURATION 
PREVIOUS THERAPY 

in\^ol\tuenx 

OPERATION DATE 

rOSTOPERATIN'E 

COURSE 

PRESENT STATUS 

M. S. 

26 

F 

III, 2 years. 

Phrenic surgery 

1 

Cavitation RLL, 
copious sputum, 
atelectasis RM 
and LIj 

1 

1 

RM and LL lo- 
bectomy ndth 
phrenic sur- 
gery 
n-7-46 

Con^nued improve- 
ment 

9-1-47 “negative” 

sputum; at home; 
2-8-48 “nogati\’o” 
sputum; lesion 

stable by roentgen- 
ography. 

J. DeS. 
22 

M 

' II, 5 years. 

Rest, pneumotho- 
rax unsatisfactory 
because of adhe- 

' sions 

1 

Tuberoulom.a 

LliL, bronchiec- 
tasis UL 

Pneumonectomy, 

Lt 

4-23-47 

Thoracoplasty 

G-1&-47 

i 

Continued improve- 
ment since Sep- 
tember 1047 

9-1-47 “positive" 

sputum in sansto- 
rium;sir*'negatiTO'' 
cultures since No- 
vember, 1947 

K. K. 
25 

M 

III, 4 years. 
Pneumothorax, 
j streptomycin 81 
days 

Multiple canties 
RLL 

RLL lobectomy’ 
with phrenic 
surgery 

9-2(M7 

Uneventful, con- 
tinued improve- 
ment in general 
condition 

10-4-47 “negati\‘e” 
sputum; 12-29-47 
“negative” sputum 

D, F. 

17 

M 

III, 5 months. 

Rest, streptomycin 
45 days 

RM and LL ate- 
lectasis and 

cavitation 

RM and LL lo- 
bectomy with 
phrenic sur- 
gery 

U-2(M7 

Uneventful 

2-2G-48 “negative” 
sputum; condition 
excellent 


TABLES 

Pneumothorax failure 


PATIENT, 
AGE, SEX 

STAGE nURATION 
PREVIOUS THERAPY 

involve KENT 

OPERATION DATE 

POSTOPER^VTU'E COtTRSE 

PRESENT STATUS 

M. G. 

28 

M 

III, 6 years. 1 

Pneumothorax 

1 

Nonespansile left 
lung with ca>-ity 
UL 

Pneumonectomy, 
left 8-8-47 
Thoracoplasty 
8-29-47 

Contralateral pleural 
fluid bec.amo puru- 
lent ^vith broncho- 
pleural fistula 2-21- 
48 

2-1-48 "positive" 
sputum; not 

good 

R.M. 

42 

M 

II, 5 years. 
Pneumothorax, 
phrenic sur- 
gery 

RUL caWty failed 
to close ^vith pneu- 
mothorax 

RU lobectomy 
9-9-47; 

Thowcoplasty 
9-25-47 1 

i 

Wound infection | 
■with osteomyelitis 
of ribs following 
thoracoplasty, re- 
operation neces- 
sary 

4-15-48 “nega- 

tive” sputum 

R. N. 

32 

M 1 

III, 2 years, 
Pneumothorax 
pneumono- 
b’sis 

1 Noncxpansile left 
lung with tuber- 
j culous empyema 

LXJ lobectomy with 
! decortication of 
LL 11-3-47; 

Thoracoplasty 
11-17-47 

Uneventful 

4-15-48 “nega- 

tive” sputum 

oj 

M 

III, 1 year. 
Sanatorium 

Spontaneous pneu- 
mothorax, incx- 
pansilo lung, tu- 
berculous empy- 
ema 

Pneumonectomy, 

left 

1- I4-4S 1 

Thoracoplasty 

i 2-9-4S 

2- 25-4S 

Uneventful 

4-15-48 smears of 
sputum “nega- 
tive” 


tlie diagnosis of tuberculosis was overlooked previous to operation. In two older 
indmduals the preoperati\'e diagnosis was bronchogenic neoplasm and in one 
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TABLE 9 


Destroyed lung {pneumonectomy) 


PATIENT, 
AGE, SEX 

1 

STAGE DURATION ! 
PREVIOUS THERAPY 

INVOLVEMENT 

PNEUMONECTOMY 

DATE 

POSTOPERATIVE 

COURSE 

PRESENT STATUS 

B.P. 

30 

F 

III, S years 
Unsuccessful 
pneumotho- 
rax 

1 

l^Iultiple cavities through- 
out left lung, extensive 
fibrosis 

Left 

4- 25-47 

Thoracoplasty 

5- 22-47 

Atelectasis RUL, 
cleared 

9-1-47 ‘‘negative*’ 
sputum; gained 
SO lbs; 4-3-48 
clinically -vrell, 
at home 

F. DdS. 

21 

F 

HI, 4 years j 

Phrenio sur- 
gery, repeated 

1 year later 

Cavity PUL, multiple 
bronchiectatic cavities 
in lower lobes, ulcera- 
tive bronchitis right 

10- 2(M7, red bronchus 
following streptomycin 

11- 17-47 

Right 

11- 2&-47 
Thoracoplasty 

12- 16^7 

Streptomycin 
started 3-2S-4S 
in sanatorium 

4-15-48 “positive” 
sputum; bron- 
chial ulceration 

V. J. 

22 . 

F 

III, 1 year 
Pneumothorax, 
streptomycin 

3 months 

1 Atelectatic lung with 

1 scattered cavities, in- 
fection of left stem 

1 bronchus 

Left 

J2-2M7 

Thoracoplasty 

1-27-48 

Continues to im- 
prove 

4-15-48 “nega- 

tive** sputum 


TABLE 10 


Tension cavity (mistaken diagnosis) 


i 

PATIENT, 
AGE, SEX 

STAGE DURA- 
TION PRE\TOUS 
THERAPY 

INVOLVEMENT 

OPERATION DATE 

POSTOPERATIVE COURSE 

PRESENT STATUS 

R. G. 

28 

M 

III, 2 years 
Bed-rest 

Tension cavity LUL, 
refused thoraco- 
plasty 

LU Lobectomy 
4-10-47 

Continued improve- 
ment 

January 1948 

"negative” spu- 
tum, plajdng 
professional 
baseball 

J. B. 

C5 

M 

1 year 

No treat- 
ment 

Hilar mass on right, 

8 by S cm.; bron- 
choscopy negative 

Pneumonectomy, 

right 

10-1-47 

Mistaken diagnosis, 
thought to be can- 
cer, proved to be 
caseous tuberculo- 
sis 

Excellent; full 
time rvork 

L. E. 

27 

F 

1 

III, 1 month 

Bronchiectasis, ate- 
lectasis of RTJL, 

1 stenosis of UL 
bronchus 

RU lA)bectomy and 
thoracoplasty 
10-11-47 

Thought to be a non- 
tuberculous bron- 
chiectasis; sputum 
“negative” before 
operation; histo- 
pathologic exami- 
nation revealed tu- 
berculosis 

4-I5-4S '^ega- 
tiv’e “ sputum; 
excellent 

D. H. 

59 

F 

4 to 5 years 
Deaf mute 

i 

Obstruction in LLL 
bronchus 

Pneumonectomy, 

left 

11-18-47 

Followed by auricu- 
lar fibril., cardiac 
decomp,; digitalis 

Thought to bo a 
bronchiogenic can- 
cer before opera- 
tion 

4-15-4S “nega- 

tive” sputum 


other the preoperative diagnosis was nontuberculous bronchiectasis secondary’’ 
to pneumonia. In all of these patients the roentgenographic appearance was not 
characteristic of tuberculosis. In addition to these findings, several sputum 
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smears and cultures examined preoperatively were negative for tubercle bacilli. 
However, the pathologic picture of the resected tissue was characteristic of 
tuberculosis. 

In table 11 may be seen the number of patients having pneumonectom 3 ’- and 
lobectomy under the different indications chosen for resection. The greatest 
number (41) were performed for thoracoplasty failure. This is not surprising as 
most of the resections fell under this indication. Forty-seven (5S.75 per cent) 
of the patients had pneumonectomj’- and 33 (41.25 per cent) had lobectomy. 


TABLE 11 
Type of operation 


INDICATIONS 

PNEDVONECXOUY 

LOBECTOiTV 

OPERATIVE DEATHS 

Thoracoplastj' failure 

26 

15 1 


Bronchial stenosis 

Tuberculous bronchiec- 

13 j 

3 

1 (Pneumonectomy) 

tasis 

1 

8 

1 (Lobectomy) 

Lower lobe lesions 

1 

3 

1 

Pneumothorax failure 

2 

2 

; — 

Destroyed lung 

3 

— 

— 

Mistaken diagnosis 

2 

1 

— 

Tension cavity 

— 

1 

1 

— 

Total SO patients 

47 (58.75 per cent) 

33 (41.25 per cent) | 

Operative mortal- 
ity 2.5 per cent 


RESULTS 

In the entire group of SO resections there were 2 operative deaths, giving a 
total series mortality of 2.5 per cent. One patient (B. H.) died on the fift 3 ''-fifth 
postoperative day with a bronchopleural fistula and a mixed empyema. The 
other (A. K.) died on the first postoperative day. Postmortem revealed the 
cause of death to be thrombosis of a cerebral artery. 

The various postoperative complications are listed in table 12. Some were 
of a temporary nature but are included to make the report complete and self- 
explanatory. 

The results in relation to indications are presented in table 13. In view of the 
short period of observation which has passed since many of the resections, it is 
not surprising that the 52.5 per cent of the total group, who are apparently 
noninfectious, still remain in the sanatorhun. Onl 3 ’’ 25 patients have been dis- 
charged. The total of 83.75 per cent of the series with cultures negative for 
tubercle bacilli e.xceeded expectations. A high percentage of reversal of infec- 
tiousness occurred in the cases from the three groups representing the most com- 
mon indications for the procedure. 

In table 14 ma 3 ’- be seen the final results obtained in the series of 80 patients, 
as well as the niunber of reactivations or "spreads” in the ipso-and contralateral 
lung. There were 47 pneumonectomies and 33 lobectomies. Each procedure 
was complicated with four "spreads” or reactivations. No definite conclusions 
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can be draAvn, however, from such a small and recently operated group of cases. 
Reversal of infectiousness occurred in 83.75 per cent of the entire group. Three 

TABLE 12 


Complications follovsing pneumonectomy and lobectomy 



PKEtJMONECIOire (47 CASES) 

lOBECrOsnt (33 CASES) 

Spread 

Ipsolateral 


2 

Contralateral 

4 

2 

Dvspnea 

1 (for 4 weeks) 

1 (temporary) 

Reactivation of other tuberculous foci 


1 (middle ear) 

Sinus of chest vail (tuberculous) 

2 

1 (larynx) 

Ulceration of bronchial stump 

2 

— 

Bronchopleural fistula 

— 

1 (with empyema, 

Pleural effusion 

2 (contralateral) 

died) 

1 (temporary) 

Wound infection 

— 

1 (osteomyelitis of 

Hemothora.v 

1 

rib stumps) 

Streptomycin reaction 

1 

1 

Respiratory cripple. . . . 

1 



TABLE 13 


Results in relation to indications {pneumonectomy and lobectomy) 



NT71CBEE 

NEGATIVE 

POSITIVE 

DEAD 


Sanatorium 

Home 

Sanatorium 

Home 


Thoracoplasty 







failure 

Stenosis of bron- 

41 

21 

12 

5 


3 

chus 

16 

9 

6 

— 

— 

1 

Bronchiectasis. . . 

8 

S 

1 

1 

— . 

1 

Lower lobe le- 





1 


sions 

Pneumothorax 

4 

3 

1 




failure 

4 

3 

— 

1 

— 

— 

Destroyed lung.. . 

3 

1 

1 

1 

— 

— 

Mistaken diag- 







nosis 

3 



3 

— 

— 

— 

Tension cavity. . . 

1 


1 




Total 

SO (100 

per cent) 

42 (52.5 
per cent) 

25 (31.25 
per cent) 

S (10 per 
cent) 

— 

5 (6.25 
percent) 


patients have died since leaving the hospital, but in onl}^ one of these was death 
due to tuberculosis. Two deaths occurred in older indi\dduals. One was prob- 
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ably due to right heart failure while the other, which was sudden, was presumabl}’’ 
the result of a nij'^ocardial infarction. 

The duration of the state of noninfectiousness since operation is listed in 
table 15. As may be seen, 52 patients (65 per cent) are recorded in the “less than 
eighteen months” period. Fifteen (18.75 per cent) have remained noninfectious 
over periods of eighteen months to three years. As onty 3 of the living patients 

TABLE 14 


Results of resection (all patients) 


! 

i 


REACTIVATION’ 

OR SPREAD 

EX^UnNATION OP SPUTUM TOR 
TUBERCLE BACILLI 

DEAD 

Ipso- 

latcral 

Contra- 

lateral 

Positive 

Negative 

Pneumonectomy 

j 






Bight 

IS 

— 

2 

2 

15 

1 

Left 

29 

— 

2 

3 

24 

1 2 

Lobectomy 







One lobe 

21 

2 

2 

2 

IS 

1 

Two lobes 

11 

1 

- 

1 

9 

1 

Segmental 

1 

— 

i 

1 

1 


Total 

SO (100 



o 

CO 

67 (83.75 

5 (6.25 


per cent) 



per cent)| 

per cent) 

per cent) 


TABLE 15 

Duration of conversions since operation 



1 lto6 , 

I MONXnS' 
1 1 

6 to 12 

MONTHS 

12 to IS 

1 Months 

lSto24 

MONTHS 

24 to 30 

j MONTHS 

30 10 361 36 

MONTnSj MONTn 

Thoracoplasty failure 


7 

6 

6 

1 

1 

4 

1 

Bronchostenosis 

1 3 

5 

6 ! 

1 

1 

— 

— 

Bronchiectasis 

1 ^ 

3 

— 

— 

— 

— 

1 

Lower lobe lesion 

i 1 ! 

1 

2 J 



I 

— 

— 

Pneumothorax failure 

: 1 i 

2 

— 1 




— 

Destroyed lung 

1 1 i 

— 

I 1 



- ! 

— 

— 

Mistaken diagnosis 

1 I i 

2 

— 

— 

— 1 

— 

— 

Tension cavity 

! - i 


I ! 

— 

— 1 

j 

— 


1 10 : 

20 

16 

- 

1 

2 

4 1 

2 


have shovTi “spread” or reactivation, it appears that not many compIic.ations 
should be c.\pected in this group in the future. It is realized, however, that 
tuberculosis is an unpredictable disease and as time passes some of these appar- 
ently excellent results may eventually have to be classified as failures. 

Streptomycin therapy prior to operation has been used in 26 of the SO patients 
included in this group of pulmonarr^ resections. Tlie length of preoperative 
therapy has varied from four to one hundred and eight}' days, but only 10 pa- 
tients have had streptomycin for more than thirty-one days before surgeiy'. 
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In iJii' indiMfi.ni for tmilinont was tiiborculous endobronchitis. 

Thr* contnA ai ihdr v.rnU- symptoms and llie recognition of bronchostenosis led 
to the sc-liM'tion of imhnonary resection. In only 2 jiatients did the persistence 
<)! tnlvn-nlons Iwonebitis necf-s-itate the prolongation of Flrcptornycin for ninety 
to arte hnndiaxl and thirty-six days. 'I'hroe patients tre.atcd early in 19*17 
m'ctvisl o.O dm. of strejitomyein per tlay, one jiatient 2.0 dm, jior daj', and 
three l.o dm. per d:iy. ’J’lie remaining 19 patient.s received 1.0 Gm. per da)". 

\\ sfli few eya’ptions, the 10 patients who were treated for le.'JS than thirty-one 
day.s- won' lilcewise tn'.'ited becatis^'- of bronehial disea.'je. The bronchoscopic 
c.xnmin.'ition revealwl bronchitis in most of these individnnl.s, though there were 
j^everrd nitb tijijter lobe riisease in which bronehial involvement, prcsumablj" 
tnlh'n'ulons, was felt lo bt; prt*seiit from the findings on physical and roentgeno- 
i<»gie examinations, Tjiree patients with tubercnlon.s cmpj’cma were treated 
for short p riods preojtenttively. 

Strrpt<.myein !iy the inlr;rmusc.utar route has hcen used postoperatively in 37 
jratients. The .nvenrge length of treatment was for fourteen days with the usual 
dose of 1.0 dm. jier day. 

From limited ex}>cricnec with streptomycin, the writers believe that it is of 
great vahic in the control of acute tuberculous bronchitis. Before the use of 
antibiotics these cns<'s either liad to be denied surgery or be operated upon at a 
considenibly increased risk. A fair number of t he group included under thoraco- 
plasty failure had acute t uborculous bronchitis .at the time of thoracoplasty. The 
bronchial lesion subsequently hc.alcd so that rc.soction could be done. 

In addition to the parenteral use of streptomycin in the postoperative period, 
the m.ajority of the patients have received streptomycin as avcII as penicillin 
locally. The use of thc*se drugs in lobectomies, where there must be constant 
postoperative clo.scd drainage, lias been limited to instillation in the wound at 
surgorj*. In postoperative pneumonectomies streptomycin and penicillin liave 
been introducc<l into the plcur.al cavity at the time of aspirations until the fluid 
was well controlled or the .sjiacc obliterated by thoracoplasty. The average 
length of sucli thcrapj- wa.s approximatelj" ten days. 

Experience with the postoperative group has been much too recent to attempt 
evaluation. Whether there xvill be anj" fewer late postoperative "spreads” or 
reactivation rcm.'iins to be determined. In only one patient w'as it believed 
that a small contralateral “spread” occurred, although the lesion may have 
been atelectasis. This patient received streptomycin for tv'enty-slx days and 
her course in the past nine months has been satisfactory. The gastric contents 
six weeks after surgery were negative for tubercle bacilli on culture. 

The ideal length of postoperative streptomycin therapy is undeteimined. 
The sliort period of therapy used in this series w'as selected arbitrarily. How- 
ever, such a period of therapy is well worth evaluation. If "spill” to the other 
portion of the lung or lungs occurs, as seems likely, streptomycin should have 
an extremely beneficial effect. With this short period of treatment the phe- 
nomenon of streptomycin-resistance is less frequently encoimtered so that later 
spreads or reactivation miglit be benefitted by further treatment. 
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DISCUSSION 

The choice of resection as a form of therapy came after several 3’-ears of experi- 
ence with other forms of collapse therapy. During the past ten years the writers 
have seen an increasing number of thoracoplasty failures and careful evaluation 
of these demonstrated that there were definite reasons for the failures. At 
times limited rib resection resulted in incomplete collapse after the first stage. 
Many of these were still inefifective after extensive revisions. Improperly 
selected cases were found to have been subjected to thoracoplast3'- before it vtis 
realized that the lesions were not suitable for this form of therapy. Large ten- 
sion cavities at the apex, thick-walled cavities close to the mediastinum, high 
grade stenosis of the bronchus (often lobar) and bronchiectasis accounted for 
the major group of failures. The dictum that thoracoplast3’- should alwa3rs be 
given first trial continued to be followed, hlost patients showed improvement 
but the goal, that is, the elimination of tubercle bacilli, was not reached. The 
number of failures that accumulated as time passed, coupled with the newl3’' 
developed surgical technique of individual ligation of the hilar structures with 
its associated low mortality, stimulated the witers to tr3’' to accomplish some- 
thing for this discouraged group of patients. The availability of penicillin and 
streptomycin permitted operation on those patients who would have been 
refused for lack of a means of controlling ulcerative bronchitis. It now seems 
evident that thoracoplasty as previously used served onb’- as a stopgap in the 
treatment of these cases. 

The most frequent indication for resection in this series was thoracoplasty 
failure (41 cases). The ne.xt important indication V'as liigh grade bronchosteno- 
sis (IG cases). Various complications were also present in the form of hemopty- 
sis, recurrent attacks of pneumonitis, sepsis and atelectasis. It was in the second 
group that the removal of the involved pulmonar3’- tissue produced striking earb’’ 
results. The results in these two groups of cases have been most gratif3’'ing 
to date. 

The remaining 30 per cent of the series presented individual problems as 
shovTi in the various tables. Most of these had received various therapeutic 
procedures before being considered for resection. A few cases were chosen for 
resection as the primary procedure because experience indicated that any other 
method would most likeb' fail. 

Thoracoplast3' was performed 2 G times following resection. It is believed that 
this is advisable in all cases except those with lower lobe resection. In the more 
recent cases thoracoplast3’’ was performed at the time of the resection if the 
patient’s condition permitted, or as soon thereafter as possible. Following 
lobectom3’’, thoracoplast}’- ensures against ovcr-c.xpansion of the remaining lobe 
or lobes and should protect against ij)solateral reactivation. Thoracoplast}' is 
cquall\' important following pnoumoncctom3' as it prevents a shift of the medi- 
astinum with accomp.an3dng over-axpansion of the contralateral lung and pro- 
motes carb' stabilization. Not infrequentb' tuberculous tissue is cut through 
during the operation and a thoracoplast3' extensive enough to obliterate the 
dead space completeb' appears necessarj- if tuberculous cmp.vema is to be 
avoided. 
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In several recent cases pneumonectomy has been performed in the presence 
of a tuberculous or mixed empyema and the infection controlled with frequent 
aspirations and the instillation of penicillin and streptomycin until a sufficiently 
adequate thoracoplasty could be done to obliterate the pleural space. 

Phrenicotomy was originally performed following upper lobe lobectomy with 
the thought that reduction in the size of the pleural space would permit the 
remaining lobe to fill the space more quickly. It is now believed that phreni- 
cotomy reduces the efficiency of the cough and promotes atelectasis. Thoraco- 
plasty is done instead unless the lower lobe has been removed. In this instance 
phrenic section is used routinely as a substitute for thoracoplasty. 

SUMMARY 

Experience with 80 consecutive cases of pulmonary resection for tuberculosis 
is reported. The majority of these patients were failures with the usual collapse 
procedures and w'ere doomed to continued sanatorium care because of persistent 
infectiousness. 

Sixty-seven cases (83.75 per cent) of the entire group are noninfectious, 8 
(10 per cent) still discharge tubercle bacilli and 5 (6.25 per cent) are dead. There 
were 2 operative deaths, yielding an operative mortality of 2.5 per cent. 

A sufficient length of time has not passed to draw definite conclusions regard- 
ing the permanency of these results. If the cases follow the course reported by 
other authors, the satisfactory results will dimmish with time. It must not be 
forgotten that tuberculosis is a systemic disease with many vagaries and that 
the removal of the symptom-producing focus is not the complete solution of the 
problem. Time has also shown that collapse therapy in the form of thoraco- 
plasty has been found wanting under certain circumstances. Late spread and 
reactivation following thoracoplasty or resection should not be cited to condemn 
either procedure. Further experience with the methods at hand and newer 
methods may supply the answer. 

Streptomycin when available was used before and after operation. It has 
proved most valuable in cases with acute ulcerative bronchitis. Many of the 
resections in the present series would have been ill advised and dangerous before 
streptomycin was available. The drug is given in doses of 1.0 Gm. daily. 
Frequent instillations into the pleural cavity following pneumonectomy have 
prevented the common complication of tuberculous empyema until the space 
was obUterated. It is believed that chemotherapy is partially responsible for 
the low number of reactivations and “spreads” and that it has helped to control 
them once they have occurred. Penicillin has been used e.xtensively through- 
out the series. 


SUMARIO 

La Rescccidn Pulmonar en cl Tratamienlo dc la Tuberculosis 

Comimicase lo observado en 80 cases consecutivos do reseccidn pulmonar por 
tuberculosis. La mayorla de los enfermos representaban fracasos de los habi- 
tuales procedimientos de colapso y estaban condenados a continua asislcncia 
sanatorial debido a su infecciosidad pcrsistentc. 
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Sesenta y siete cases (83.75 por ciento) del grupo total ya no son infecciosos, 
8 (10 por ciento) todavla expulsan bacilos tuberculoses 3 ’’ 5 (6.25 por ciento) 
ban muerto. Hubo 2 muertes quiriirgicas, dando una mortalidad operatoria 
de 2.5 por ciento. 

No ha trascurrido aun suficiente tiempo para poder sacar conclusiones defini- 
tivas acerca de la permanencia de los resultados. Si los cases se conforman al 
patrdn presentado por otros autores, los resultados satisfactorios irdn dismi- 
nuyendo con el tiempo. No hay que olvidar que la tuberculosis es una enfer- 
medad orgdnica 3 ’- bastante caprichosa y que la eliminacidn del foco sintomatd- 
geno no representa la solucidn completa del problema. El tiempo tambidn ha 
revelado que la colapsoterapia en forma de toracoplastia ha resultado deficiente 
en ciertas circunstancias. No deben citarse la difusidn y reactivacidn tardias 
despuds de la toracoplastia o la reseccidn para condenar uno u otro procedi- 
raiento. Nuevas tentativas con las tdcnicas disponibles y con otras mds nuevas 
tal vez facihten la respuesta. 

La estreptomicina, cuando la habfa, fud utilizada antes y despuds de la inter- 
vencidn, resultando mds valiosa en los cases con bronquitis ulcerada aguda. En 
la serie actual, muchas de las resecciones hubieran sido indiscretas y peligrosas 
antes de contarse con la estreptomicina. La droga fud administrada a dosis de 
1 Gm. diario. Las frecuentes instilaciones en la cavidad pleural consecutiva- 
mente a la neumectomla ban impedido las habituales complicaciones del empiema 
tuberculoso hasta la obliteracidn del espacio. La quimioterapia parece ser en 
parte la causa del pequefio mhnero de reactivaciones y “difusiones” y tambidn 
parece haber a 3 aidado a coliibirlas, una vez aparecidas. La penicilina fud 
empleada en gran escala en toda la serie. 
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DECORTICATION OF THE LUNG IN PATIENTS WITH PULMONARY 

TUBERCULOSIS^- 

PAUL V. O’ROURKE, E. J. O'BRIEN', and WM. L. TUTTLE 
IKTRODtICTION' 

The results during World War II of decortication of the lung in the manage- 
ment of organizing hemothorax are well Icnown and accepted. Some thoracic 
surgeons hoped that this technique could be applied successfulb’’ in certain tuber- 
culous patients with a persistent pleural space in whom conser^'ative measures 
had failed. This hope was based on the belief that the thickened pleura seen 
in those cases of tuberculosis was in realit 3 ’- a fairlj’- normal visceral pleura covered 
bj-^ an organized exudate or “peel” similar in many wa 3 ’-s to that seen in organiz- 
ing hemothorax. Fear had been expressed that the “peel” could not be removed 
from the visceral pleura because of its firm adherence; that the complications 
occurring from its removal, if possible, would be very great; and that tuberculous 
wound infections and failure to obliterate the pleural space would occur fre- 
quently enough to exclude its common usage. 

This stud 3 ’- was undertaken by the witers who are full 3 ' aware of these possi- 
bilities but anxious to learn if decortication is surgically feasible in tuberculosis. 
It consists of 43 cases of pulmonary and pleural tuberculosis decorticated between 
January 194G and May 1948. There were 30 males and 13 females ; 38 were white 
and 5 were Negroes. 


INDIC-mONS FOR DECORTICATION 

For the most part onl 3 ’’ patients with complications of tuberculous pleurisy 
with effusion or pneumothorax were considered for this operation. It ^\’■as used 
also as an adjunct to Iobectom 3 ’- when the need arose. The indications for 
decortication in the group having tuberculous pleuris 3 ’‘ with effusion have been 
restricted to those patients in whom: (a) the fluid became organized or loculated 
and could no longer be removed by aspiration; or (b) the fluid had been aspirated 
and replaced by air resulting in an unexpandablo lung. As shovm in table 1, 
there were 9 cases in this group. In 2 of the 5 patients with loculated fluid which 
failed to respond to aspiration a positive diagnosis of pleural tuberculosis was 
not made preoperativel 3 ’-, but was made liistologicall 3 '' from the “peel.” Of the 
2 patients with tuberculous emp 3 'ema, one occurred in the 3 ’’oungcst patient, 
four 3 ’’cars old, who had been a contact of his mother before she was discovered to 
have tuberculosis (figure 1). In the patient with a mixed cmp 3 ’-ema the process 
began as a tuberculous pleural effusion, which was aspirated for t\vo 3 "ears with 
little benefit. After a routine aspiration, the patient developed fever and the 

^ From the Department of Surgerj', Wajme Universitj' School of Medicine, and the 
Division of Tlioracic Surgerj", Herman luefcr Hospital, Detroit, Michigan. 

' Presented before the Medicjil Section, as part of the Symposium on Surgery— Trends — 
Late Results, at the 44th Annual Meeting of the National Tuberculosis Association, New 
York, New York, June 16, 191S. 
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TABLE 1 

Indications for decortication 


I. Complications of Tuberculous Plcurisj’ 

a. Unexpandablclung 

b. Mixed empyema with unexpandablc lung 

c. Tuberculous cmpj-cmawth unexpandablc lung. 

d. Loculatcd fluid with unexpandablc lung 


Total 

II. Complications of Pneumothorax 

a. Unc.xpandablc lung 

b. Mixed empyema with unexpandablc lung 

c. Tuberculous empyema with unexpandablc lung 

d. Pleural effusion with unexpandablc lung 


III. Adjunct to lobectomy 


Total 


Total 


NDITDEK OF PATIENTS 


1 

1 

2 

5 


9 


3 

3 

7 

14 



I 


43 



Fig. la. (Left) Preoperative film dated March 6, 1948. Age 4 j^ears. Tuberculous 
pleurisy with empyema. 

Fig. lb. (Right) Postoperative film dated May 10, 1948. Decortication done March 
15, 1948. 

flviicl, which had always been clear, became purulent. Staphylococcus axtreus 
was recovered upon culture of the fluid from the pleural cavity. The infection 
was immediately drained. One j^ear after the drainage, because of the persistent 
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pleural space, a decortication was done successfully. Re-expansion of the lung 
at the end of the operation \Yas good but postopera tively the expansion was not 
sustained. 

The second indication used by the witers have been the complications which 
accompany or follow therapeutic pneumothorax, such as troublesome fluid or 
empyema occurring during the program of pneumothorax, or failure of the lung 
to re-e.xpand after pneumothorax had been abandoned. There were 27 patients 
in this group. Ten patients had tuberculous or mixed empyema which failed 
to respond to pleural lavage and the lung remained collapsed after aspiration of air 
or fluid. There were 14 patients with pleural effusion occurring during the re- 
expansion program or during the period of the therapeutic pneumothorax, in 
which the lung failed to rc-expand after aspiration and discontinuance of air 
refills. This is the largest single group for which a decortication has been ])cr- 
formed. The encased or unexpandable lung without fluid has been decort icated 
in three instances to obliterate the pleural space and to prevent shift of the 
mediastinum and over-distention of the contralateral lung. In the beginning 
this particular indication was used hesitantly because most of these patients 
were at home and apparently doing well. It seemed inadvisable to change an 
apparent!}' satisfactory program until it was apparent tliat decortication could 
be done with relati\'e safety. In 2 of the 3 cases in this group the indications 
for decortications were impelling. One, a woman who had been receiving 
pneumothorax refills for six years, had some bleeding into the pleural space with 
the formation of a large clot following a refill of air. The pleura above the clot 
showed thickening on the roentgenogram and re-expansion of the lung seemed 
unlikely unless a decortication could be done. After the clot had been removed 
the lung would not rc-expand even though positive pressure was api)lied througli 
an intratracheal tube. A decortication was done easily and complete re-ox])an- 
sion was obtained (figure 2). The second ))atient was a doctor engaged in 
tuberculosis work who had been observing the results of the study and requested 
a decortication of his une.xpanded lung. His wishes were finally granted and an 
excellent result was obtained. As the encased lung without fluid seems to repre- 
sent one of the better indications, it is planned to use it with increasing frequem;}' 
in the future. 

The third indication is represented by a group of 7 patients upon whom ;i 
loi)cctomy was performed and a ‘‘peer’ removed from the remaining lol)cs to ai<l 
in their re-expansion and to hasten obliteration of the iflcural si)ace. Inciden- 
tally, in 3 pneumonectomies not included in this series a decortication w;is first, 
done to facilitate the indent ificat ion and handling of the hilar .•<tnictures. 

The duration of the pneumothorax, as listed in table 2. lias varied from tour 
months to sixteen years and in five instances has iiecn jjresent for ten years. 
Ability to separate the “peel” from the visceral jileura does not seem to ix* 
related to the duration of the pneumothorax pc?- sc Imt ratiicr to tiie amount and 
extent of the periiiheral pulmonary di.-jease. 

Unle.-JS some emergency arose reciuiring surgical intervention, an adequate 
trial of re-expansion was attempted and only when further efforts seemed hazard- 
ous or futile was decortication employed. 
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A complete decortication was not always possible or desirable, because of the 
underl5dng disease, nor always necessary because of the small size of the remaining 



Fig. 2a (Left) Preoperativo film dated September IS, 1947. Duration of pneumothorax 
six j-ears. Blooding and formation of clot following refill. 

Fig. 2b (Bight) Postoperative film dated April 19, 1948. Decortication done September 
22, 1947. 


Less than one year 

Two years 

Three yc.'irs 

Five years 

Six j'cars 

Seven years 

Eight years 

Ton years 

Fourteen years , . . 
Sixteen years .... 


TABLE 2 


Duralion of pneumothorax 



I 


N'UltnEK or PATIENTS 


4 

5 
1 

3 

o 


1 

5 

1 


Total . . . . 



pleural space. Twenty-eight lungs were completely decorticated and I.") 
jrartially. Early in the study it was observed that a lobe containing considcralile 
fibrosis as a result of previous disease did not re-expand well even though it was 
com])letely decorticated. Since then, if the disease-free lobes after decortication 
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filled the hemithorax, no attempt has been made to remove the “peel” from the 
lobe n-lnch was the site of the major disease. Perhaps it is better to keep the 
diseased lobe permanently collapsed than risk the danger of reactivation from 
re-expansion. 

The majority of patients in this series were subjected to the operation without 
streptom 3 xin as an adjunct because it was not available. jNIore recentl.v, how- 
ever, streptom 3 ’'cin has been used in 19 instances either because of complicat ions 
encountered at operation, such as subpleural tubercles, or to prepare the patient, 
for the procedure. It is believed at present that practical!}' all individuals 
should receive streptom}'cin as a routine procedure if for no other reason than 
prophjdaxis. It should be emphasized, however, that the paramount considera- 
tion for success is dependent upon adequate removal of the “peel” AA'ithout undue 
trauma to the underljdng lung. That streptomj'cin maj' improve the result and 
hasten the convalescence seems indicated but it is no substitute for good surgeiy. 

TECHNIQUE OP OPER.VTIOX 

The actual teclmique of the operation did not differ from that used b.y thoracic 
surgeons during World AYar II in the treatment of organizing hemothorax. 
All operations were done with intratracheal anesthesia of nitrous oxido-oxj'gcn 
and other. Approximate!}’' 1,500 cc. of blood wore gi^’en during the procedure. 
Cotton was used for ligatures and wound closure. In most instances one medium 
sized rubber tube drain was jilaced dcpendently just above the diajihragm in the 
posterior axillary line and a smaller tube was inserted high anteriorly to allow for 
the escape of air. Both tubes were connected to water-sealed bottles. 

Tiic immediate postoperative course did not differ from that of the usual 
patient with tuberculosis undergoing surgery. Fever was not e.xco.ssive or pro- 
longed except in the one patient who died three months after operation from 
disseminated tuberculosis. Two patients needed bronchoscopy to remove 
retained bronchial secretions. 

As soon as the amount of drainage slopped fluctuating, the lul)es were re- 
moved. The tubes were witlidrawn, on an average, by tlie fifth day in 31 eases. 

If fluoroscopy or roentgenograms showed the jiresence of loeiilated fluid 
or trapped air, they were removed by aspiration. Nine patients required 
frequent thoracentesis over a period of .•several weeks. During the time of 
re-expansion they were watched very closely and e%’ery effort was made to keep 
the pleural space dry and as free from trapjied air as possible. Deep breathing 
exercises were started as soon ns the tubes were removed and were continued 
indefinitely. 


COM I’Ll C.VTIONS 

In 5 patients there were seven complications attribut.able to the oper.ition. 
as .shown in table 3. One jiatient with pleural tuberculosis and empyema did 
non rc-expand at the completion of the operation despite the .successful removal 
of a “peel”. In 3 additional patients a partially succc.-sful decortication wa.s 
done and the immediate re-expansion of the lung seemed good when positive 
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pressure was used. Complete re-expansion was not sustained, however, during 
the postoperative period. Two of the latter have had a thoracoplasty per- 
formed which obliterated the pleural space and they are now at home. 

At the time of operation it was not infrequent that small bubbling air leaks 
were seen. In all but 3 instances these were not of any consequence and ap- 
parentlj'^ sealed off witliin a few hours. Of the 3 patients in whom air leakage 
continued, 2 developed mixed empjmma and were drained. In one patient the 
fistula closed soon after drainage. In the other, the fistula has remained open 
and the prognosis is unfavorable. The third instance of bronchial fistula was 


TABLE 3 

Immediate postoperative complications 


OCCUBSENCE* 

Expansion of lung not sustained 

3 

Nonexpansion of lung 

1 

Bronchial pleural fistula with mixed empyema 

2 

Bronchial pleur.al fistula (only) 

! 1 

Total 

1 

1 “ 

7 


* The seven complications occurred in a total of 5 patients. 


TABLE 4 

Laic complications of disease 


Positive sputum (only) 

Bilateral reactivation 

Disseminated tuberculosis (death) 

Incisional sinus infection only (4 months) 


Total 


DCCOSRENCE 


2 

1 

1 

1 

5 


NCMBEK OF 
PAIXEOTS 


2 

1 

1 

1 

5 


uncompheated by infection. In this case a posterior thoracotomy tube was 
converted to an open drainage tube and the space gradually obliterated and the 
fistula closed. 

In 5 patients there were late complications, as listed in table 4. Two developed 
sputum positive for tubercle bacilli. In another patient a single culture positive 
for tubercle baciUi was obtained within one month of operation. This patient 
later “converted” and slie has remained noninfectious. The other patient ulti- 
mately “converted” and has been noninfectious for eleven months, ha neither 
was there roentgenological evidence of reactivation nor was other therapy except 
bed-rest added to influence the bacteriologic status. One patient had bilateral 
reactivation of disease with reopening of cavity in the ipsilateral lung. This was 
the only instance in the entire series of a previously closed cavity reopening after 
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the procedure. This patient probably contributed to his own breakdo^^^l be- 
cause of leaving the hospital against advice. He was later readmitted with 
evident spread of his disease. One patient had widespread dissemination of 
disease resulting in ultimate death. This patient was a colored male who origi- 
nally had bilateral disease and developed a tuberculous empyem.a as a complica- 
tion of pneumothorax. The decortication was not difficult and re-e-xpansion was 
vciy good at the end of the operation. The expansion was not sustained, how- 
ever, and his course was one of steady progression of the disease. This resulted 
in death three months after operation. Streptomj'ciu might have altered the 
course of his disease but it was not available when his operation was performed. 

RESULTS 

The results of decortication of the lung in i)atients with tuberculosis have been 
evaluated in this series bj* ability to obliterate the persistent pleural space. If 


TABLE 5 

Results of decortication* 



NUlfBKB or PAnCNTS 

Failure 

4 

Improved 

6 


14 

Excellent 

20 

Total 

43 

''In an additional 4 patients decortication could not be performed. 


this objective can be obtained, it justifies the procedure in most instances because 
it lessens the chance of the existing pleural space becoming infected. Also it 
prevents emphysema developing in the contralateral lung as a result of the 
mediastinum shifting to aid in oblitenating the pleural space. This occurs when 
jnost pneumothoraces arc discontinued and an effort is made to re-expand the 
lung. Although patients have voluntarily stated that their breathing was 
improved after the operation, this may not mean that there has been any rcslora- 
t ion of pulmonary function. Even though the puhnon.ary bed has been increased 
in size, the ability to exchange oxj'gcn ma}' not have been improved and the 
amount of unoxygenated blood may be increased. 

There were 4 patients in whom expansion of the lung was not .sustained and 
tluy have been classified .as failures of oj)eration. 

If the pleural space was entirely obliterated and the lung aj)peared to bo fully 
aerated, this has been classified as an excellent result. Tlierc were 20 patients 
in this categor}" including the 7 lobectomies. 

If the space was obliterated but shadows were present indicative of incomj)Icte 
n'-expansion of the lung, the result h.as betm classified .as good. In this group 
there were 14 patients. 
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If there was increased aeration of the lung and the pleural space was smaller, 
the result was listed as improved. In this group there were 5 patients. 

In 4 additional patients, not included in this series, a decortication was at- 
tempted but the “peel” could not be separated from the visceral pleura and it was 
necessary to do a thoracoplasty. 

It will be noted by referring to table 6 that of the 43 patients operated upon, 
31 are well and at home. Eleven patients are still in the hospital. Four of this 
gi'oup are ready for discharge and 4 have been recently operated upon and are 
progi-essing satisfactorily. One patient developed a tuberculous wound sinus 
but this is healing. Two are resident in the hospital because of poor progress; 
one with a bilateral reactivation of disease and the other with a bronchial pleural 
fistula and mixed empyema. The ultimate outcome of the latter patient is most 
uncertain. 


TABLE 6 
Present status 



NUMBER OF PATIENTS 

At home 

31 

In hospital 

11 


1 

Total 

43 


SUMMAEY 

1. The lungs of 43 patients with tuberculosis have been decorticated success- 
fully, thereby demonstrating the presence of a “peel” similar to the organized 
exudate foxmd encasing the lung in organizing hemothorax. In 4 additional 
patients decortication was not technically feasible. 

2. The indications for decortication have been restricted to the complications 
of tuberculous pleurisy in 9 patients and the complications of therapeutic pneumo- 
thorax in 27 patients. In addition, 7 patients were decorticated in conjimction 
with a lobectomy. 

3. The success or failure to remove a “peel” does not seem to be related to the 
duration of the pneumothorax but rather to the amount of the peripheral pulmo- 
nary disease. 

4. Twenty-eight lungs were completely decorticated and in fifteen a partial 
decortication was performed. 

5. Streptomycin was not available at the beginning of this study but since 
becoming more plentiful has been used routinely. 

6. The immediate postoperative complications were: nonexpansion of the 
lung, expansion not sustained, and bronchial pleural fistula with or wthout 
mixed empyema. 

7. The late complications of disease were: positive sputum only, 2 patients; 
bilateral reactivation of disease with reopening of cavity in the decorticated 
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lung, one patient; tuberculous incisional sinus infection, one patient; and dis- 
seminated tuberculosis with ultimate death, one patient. 

8. The results of decortication in the 43 patients have been classified as: failure, 
4; improved, 5; good, 14; and excellent, 20. The effect on pulmonary’’ function 
is discussed. 

9. The present .status of the patients is as follows: 31 at home, 11 in hospital, 
and one dead. 


CONCLUSIONS 

Decortication is a valuable adjunct to the armamentarium for the treatment 
of pulmonary and pleural tuberculosis. TJie results obtained warrant its con- 
tinued usage, accompanied by further investigations of the respiratoiy function 
of the decorticated lung. 

SUJtARIO 

La Decoriicacion del Piilmon en los Tiihcrculosos Ptilmonarcs 

1. Los pulmones do 43 tuberculoses fueron dccorticados con 6xito, demos- 
trando asi la prcsencia de una “cdpsula” semejante al e.\udado organizado quo 
encierra el pulmdn en el hemotdrax organizado. En otros 4 enfermos la decorti- 
cacidn no rcsultd tdcnicamente factible. 

2. Las indicacioncs de la decorticacidn fueron limitadas a las complicacioncs 
de la plcuresla tuberculosa en 9 enfermos y a las del ncumotdrax terapdutico 
en 27. Ademds, 7 enfermos fueron dccorticados en relacidn con una lobectomla. 

3. El dxito o fracaso en la separacidn de la "capsula” no parecc guardar rc- 
lacidn con la duracidn del neumotdrax, sino mds bicn con la extensidn de la 
neumopatia perifdrica. 

4. En 38 pulmones la dccorticacidn fud total y en 15 parcial. 

5. Al comienzo del estudio no habia cstreptomicina a mano, pero desde quo 
ha sido mds obtenible, sc ha eraplcado sistemdticaraente. 

G. Las inmediatas complicaciones posteperatorias fueron : ine.xpansidn del pul- 
m6n, c.xpansidn insostenida, y fistula pleurobronquial con o sin empiema mixto. 

7. Las complicaciones tardlas do la enfermedad fueron: solnmcutc esputo 
positive, 2 enfermos; reactivacidn bilateral de la dolcncia con rcapertura de la 
cavema en cl pulmdn decorticado, 1 enfermo; infcccidn tuberculosa do la fistula 
incisional, 1 enfermo; y granulia culrainando en la miiertc, 1 enfermo. 

S. El resultado do la dccorticaci<5n en los 43 enfermos fud clasificado asl: 
fr.acaso, 4; mojorla, 5; bueno, 14; y excelentc, 20. Tambidn sc discutc el cfccto 
sobre la funcidn pulmonar. 

9. El estado actual de los enfermos cs dstc: 31 en sus casas, 11 on el hospital, 
y uno ha inuerto. 

CONCLUSIONES 

Di dccorticacidn constituyc una valiosa adicidn al ar.«onaI dcdicado al trata- 
rniento de la tuberculosis pulmonar y pleural. El resultado obtonido justifua 
la continuacidn dc su emplco, junto con nuevns invest igaciones de la funcidn 
respiratoria del pulmdn decorticado. 



PULMONARY TUBERCULOSIS INVOLVING THE LOWER LOBES'- ^ 

EMIL ROTHSTEIN 
INTRODUCTION 

Pulmonary tuberculosis involving the lower lobes is a phenomenon of recog- 
nized occurrence and is sufficiently common to warrant consideration as a diag- 
nostic problem in every lower lobe pulmonary lesion. 

Because of its location, lower lobe tuberculosis presents definite problems in 
diagnosis and treatment which are different in certain ways from those encoun- 
tered in upper lobe disease. In addition, there has recently arisen an immuno- 
logic problem in the pathogenesis of lower lobe disease, suggested by the work of 
Dr. William Dock (1). The present study was attempted in an effort to explore 
these problems. 


Definition 

In this study the following types of lesions have been observed: (a) all cases with 
the chief or only lesion immediately above the diaphragmatic shadow ; (6) all cases 
with the chief or only lesion in the lower one-half of the lung fields when by appro- 
priate lateral or oblique views these were demonstrated to lie within the anatomi- 
cal boundaries of either lower lobe. Cases in which extension or spread to the 
lower lobe occurred from known pre-existing upper lobe disease have not been 
included. In each case the first roentgenogram, at least, showed the lower lobe 
involved and the upper lung fields essentially clear. In addition, bacteriologic 
proof of the tuberculous etiology has been obtained in each case. 

OBSERVATIONS 

Forty-eight cases of lower lobe tuberculosis have been studied from the patient 
population of the U. S. Veterans Administration Hospital, Wood, Wisconsin. 
This service is a tuberculosis, unit of 430 beds. The cases have been observed for 
an average period of three years. No effort was made to calculate the percentage 
of lower lobe disease as the cases w^ere not chosen from consecutive admissions. 

Incidence: All but one of the patients were males. It is recognized (2, 3) that 
lower lobe tuberculosis is more common in females but there is no regular tuber- 
culosis service for female patients at Wood. The average age of the patients 
was 32 years while the age of a control group was 41 . This incidence of lower lobe 
disease in a younger age group has been found by various other investigators as 
well. Six infections were in Negroes. 

' From the U. S. Veterans Administration Hospital, Tuberculosis Division, Wood, 
Wisconsin. 

* Published with permission of the Chief Medical Director, Department of Medicine and 
Surgery, Veterans Administration, who assumes no responsibility for the opinions expressed 
or conclusions drawn by the author. 
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Diagnosis aiid Cause of Illness 

Altliougli lower lobe tuberculosis is fairly* common, it still does not receive (he 
attention it deserves from the standpoint of diagnosis. Of the total group, 24, 
or one-half, presented initial difficulties in diagnosis. This led to delayed recog- 
nition of from a few weeks or months to several years. In most dela 5 'ed diagno- 
ses in tuberculosis patients the error lies in faihng to obtain chest roentgenograms, 
but in lower lobe disease the delaj' maj- occur despite positive roentgenologic 
findings. The most common error in this regard was to consider an infiltrative 
lesion as nontuberculous despite suggestive evidence of cavitation in some in- 
stances. Frequentlj' this resulted in the return of the patient to duty or his dis- 
charge from the hospital while the chest roentgenograms still revealed definite 
disease. Because of its location, the lesion was usually considered as an unre- 
solved or slowly resohung nontuberculous “\drus” pneumonitis and was appar- 
ently thought to be of little ultimate significance. In several cases bronchoscopj’^ 
and bronchograph 3 ' were performed because of a suspicion of bronchiectasis or 
new growth. In two cases neoplasm could not be excluded despite considerable 
studj' and resection was performed. .^Vnother reason for failure to diagnose lower 
lobe tuberculosis is the frequenej'^ of lesions, usuallj' cavitary, which are in the 
apex of a lobe. On the usual postcro-anterior film these lesions maybe projected 
into the hilar sliadow. This is an area where annular shadows of vascular origin 
are common, and small cavities here are relativelj’ casil}’ overlooked. In a few 
instances the lesion was partty or entirety hidden bj' the heart shadow. In one 
case a 4 cm. cavity was so completety obscured bj' the heart as to permit a pos- 
tero-anterior film to be interpreted as normal except for some cardiac shift to the 
left. In a number of cases in which the diagnosis was overlooked, the patient 
returned to medical obscr\’a(ion onty after considerable extension of the disca.se 
had occurred; in several instances this was severe enough to make recover^' 
impossible. 

Extent and distribution of lesions: Of the entire group onty 2 were minimal at 
the time of admission to Wood; 24, or 50 per cent, were modcratety advanccrl and 
the remainder far advanced. This overwhelming incidence of advanced disease 
would not have been unusual in a prewar .series of routine hospital admissions for 
tuberculosis. The situation has been considerably changctl, however, a.s a result 
of the use of chest roentgenograms as a part of routine examinations in the 
scr%'icc. Consequentty, if cverj* tuberculous lesion were diagnosed on the first 
film, it would be anticipaterl that (he percentage of minimal lesions would be high. 
The reason this is not (he ca.so with lower lobe lesions m.aj' he explained In* (he 
fact that 5 cases which were minim.al on the first roentgcnographic c.xamination 
were mcHleratoly or far advanced upon first diagnosis. Others of this .scries were 
diagnosrsl as “pneumonia” months before the presence of tuberculosi.s wasrecog- 
nirinl. In many .‘-uch instances it is rc.asonable to assume that lower lobe ph\*.‘-ical 
signs, in the ab.'-cnce of a rcK'ntgenogram, led to an appreciable del.ay in arriving 
at the correct tiiagnosis. 

An analysis of the .anatomical distributions and chanicteristics of the.-e lesions 
revealcfl that .'10, or GO per cent, were at the apex of the right or the left lf)wer lolie 
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and most of these were so-called hilar cavities; the remainder were in the basal 
portion of the lower lobes. Twenty per cent of the lesions were predominantly 
infiltrative, GO per cent cavitary and IS per cent pneumonic. In one case the 
lesion could be classified as a tuberculoma. Lateral views of the “hilar” cavities 
were especialty interesting and almost always showed the lesions to be posterior, 
overlying the vertebral bodies. Figures 1 and 2 show an unusually large lower 
lobe cavity and its posterior location. 



Fig. 1. (Left) Illustrating large right lower lobe cavity. Note fluid level. Sputum re- 
peatedly positive for tubercle bacilli. 

Fig. 2. (Right) Lateral film of same patient. Illustrated are the posterior position of 
the lesion, the fluid level and the surrounding atelectasis of the dorsal segment in the lower 
lobe. 

In addition to lateral views, oblique projections were especially valuable in 
demonstrating retrocardiac lesions. Here special use was made of a left anterior 
oblique film taken from 5 to 10 degrees from the postero-anterior axis. At this 
small angle the left cardiac border is superimposed on the left side of the spine 
while the retrocardiac lung field, including the entire left lower lobe, is thrown into 
clear vision. Thisview has certain advantages over the direct lateral or standard 
left oblique view because in these two positions a thin-walled cavity maj' be super- 
imposed upon the spine and fail to be visualized for lack of sufficient densit 3 L 
The accompanying diagrams (figures 3, 4, and 5) illustrate this phenomenon. 
With this method, as with all special projections, the preliminaiy use of fluoros- 
copj’' is of great value. The lesions ivere distributed approximatelj'^ cquallj' 
between the right and left lungs and two were bilateral at the time of discovery. 
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iiificant bronchinl involvoinonl : (/) l>n)n('!i(>scoi)ic eviilciieo of stenosis or severe 
traeheoin'oneliitis: (^) roenlsienograj)hie evich'iu'e of ateh'ctasis before collapse 
therapy or immediately after indnetion of pneumothorax; or (o’) cavity behavior 
characteristic of a tension cavity. 

Bronchial disease was believcnl to be present in 37 jjat ients (75 jier cent). Well 
over one-half of these had typical tension cavities, while 25 per cent each showed 
atelectasis or bronchoscopic lindiiiKs. Many eases showed two or all three of 
these ('vidences of bronchial tuberculosis. 'J'he relatively small number of posi- 
tive bronchoscopi('s was due in part to the fact that many i)atients were not 
bronehoscoped. Moreover, the distal bronehi only may have beem involved and 
these would often be inaccessible to the bronchoscope. In .a series of 50 jaitionts 
admitted consecutively with disease in the upper lobes, the incidence of bron- 
chial disease was considerably lower (7 eases) than in the lower lobe cases. 

Ch'itkal course: During the period of study m.any (Of) per cent) of the lower 
lobe lesions showed evidences of extensiotj. In most instances the extensions 
were to the up[)er lobes and were roentgetiolo'cically similar in api)earance and 
in behavior to ‘‘spreads" foimd in pritnarily upper lobe cases. In a fair propor- 
tion the "spread’’ had occurred at the time of the first diafinosis, although earlier 
films in each case were available showing that the disease was primarily lower lobe 
at its .';tart. In .some, the "spreads” occurred within a few weeks of diagnosis 
while in others many years elajised during which time the lesion remained con- 
fined to the lower lobe. 

/Vewosi.s.’ The average period of observation of the group was three years. 
It aiipears that the outlook for the.-!e lesions even to the jioint of arrest is only fair. 
Longterm (2 tooyeai-s) follow-ups are not available in any of these inactive cases. 
Ncverthele.<s, of the total number, 5 are dead, in are arrested, and the remainder 
arc active. .Some of the last named group are on the road to arrest while others 
will undoubtedly fail to recover. In this study the diagnosis of “arrested” was 
made by the most rigid criteria, i.c., stable roentgenographic finding.s compatil)le 
with a healed lesion for well over the minimum of six month-s, numerous negative 
examinations for tubercle bacilli, including sinitum and gastric cultures, and four 
to six months of walking e.xei'cise. It is understood and emphasized, liowever, 
that “arre.st” in a iireviously cavitary lesion is not .synonymous Avith “eure.” 
Many upper lobe cavitary le.sions “arrest-” with subsequent I'clapse. Such 
instances are usually from a group who were treated Avith either no collapse 
measures or collapse therapy of only .short duration. Since these loAver lobe 
cases, by and large, became arrested by the aid of similar .short term collapse 
measures, a very cautious attitude should be maintained as to the ultimate fate 
of these patients. 


Treatment 

No one form of treatment has proved eminently satisfactory and this study did 
not reveal the ideal treatment for loAver lobe tuberculosis. These patients have 
had almost the entire spectrum of therapeutic measures that are applied by the 
phthisiologist. 
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Pncumolhorax: Sixteen patients liad artificial pneumothorax on the side of the 
lower lobe lesion. The re.sults were had in every case. They will be detailed in 
another report (4) but were characterized by atelectases, pleural efi'usions. unex- 
pandable lungs, and persistently open cavities. In not a single case could pneu- 
mothorax be carried as a '‘clean” satisfactory collapse for two to tiuce yoai-s with 
.satisfactor}' re-expansion of the lung and eventual arrest of the disease. 

Resection: Three patient.s were subjected to resection procedures. In 2 the 
diagnosis of neoplasm could not be e.xcludcd. In one patient the disease lieeame 
arrested after lobectomy and in the other a similar result was observed after 
pneumonectomy. In the latter patient, however, extra pulmonary lesions ap- 
peared which are gradually responding to streptomycin and orthopedic surgery. 
1’he third resection, a lobectomy, was done in a patient who had attained an un- 
.sati.sfaetory result despite A'arious (‘ombinations of phrenic .“-urgery, pneumoperi- 
toneum, pneumothorax, and streptomycin. A postojicrative spread of disease 
to the other lung occurred and the ultimate prognosis docs not seem favorable. 

Tlioracoplasti/: Thoracoplasty was not used as a treatment for any lesion 
limited to a lower lobe. The operation was performed in -I patients for the 
following indications: unexpandablc lung (postpneumothora.x), exten.sivt' ipso- 
lateral upper lobe extension, contralateral upper lobe extension, and following 
pneumonectomy. In 3 of these patients the di.scase is arrested and in llie 
fourth it is still active. 

Cnrernoslomt/: In2 patients open cavernostomies have been performed through 
the posterior chest wall. In one case streptomycin jilus surgery Ic'd to temjiorary 
cavity closure, and in the other eavernoslomy was combined with one month of 
streptomycin followed by phrenic surgery and pneumoperitoneum. It is too 
soon to evaluate the treatment. 

i^lreplomijcju: Six cases received bed-rest jdus streptomycin, unaccomiianied 
by surgery. Two were treated for extensive '‘spreads" and died during treat- 
ment. Three, with tension cavities and ‘•.'^prcxids", showed slight but insignili- 
eant improvement. In one patient the disease became arrested. 

Rhreiiir nrrrr crush ; I’hrenic surgery was performed .alonc' in -1 eases. It w.as 
combined with jineumciperitoneum in 1.3 cases and with pneumothonix in .'). (tf 
those with fdirc'nie cru.di :done, the di.'^ea.^e remained .active in one and beeaini* 
arrc'sted in .3. With the combination of phrenic crush and pneumoperiloneiun 
the disease bc*e,ame arrested in 7 and is still active in (> patic'iits. I’linaiie surgery 
jilus pneumothorax resulted in three arrested It'sions white two remain acMive. 
In each e.ase where phrenic surgerj" witli or without pneumoperiloneiun wa- 
effective, cavity closure oeeurrcal early fthrec' to six months) with reversed of in- 
fc'ctiousiiess and clearing of exudative lesions, Pneumoi)eritoneum in this group 
was eoniinuc'd for an average of two and one-fourth years. 'I'iie ojilimum dura- 
tion of this frexatment is not knotvn and only ob'crv.ation <tf thi- tyjce <»f e.i.-/' fo.'^ 
tivi' or more years w ill reveal whether this pericni of pneumojHTitoneum (two and 
a (luarter ye;u>) is long enough to promote {K'rm.anent healing. At tin- pre-ent 
time there must be consiilenible doubt about the [HTinanenee of iie.ding of a large 
cavil V with surrounding tli-e.a.'e, in the ab-.-tiee »if ji.'rmam nf eohap *. of t he lung 
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Rest alone was used in 7 cases, with good rcs\ilts in o. Rest plus streptomycin 
gave good results in one case with poor results in 3 others. Phrenic crush alone 
yielded good results in 3 and poor in none. The results observed with phrenic 
crush plus pneumoperitoneum were good in S instanecs and poor in 3. Pneumo- 
thorax gave poor results in 13 patients and ciuestionable lesults in 3 others. 
Pulmonary resection yielded good results in 2 cases and was of doubtful value in 
a third, and cavernostomy was followed by one good and one fair result . It may 
be seen from these figures that there is no “ideal” treatment plan revealed by 
study of this series but the observations point to certain tentative conclusions: 
(1) pneumothorax is contraindicate<l in this type of lesion: (2) rest, proliably sup- 
plemented at an early date by phrenic nerve crush and pneumoperitoneum, oiTers 
the best chance of reaching arrest with relatively conservative measures; and 
(3) cavernostomy (with or without phrenic crush and i)neumoperitoneum) and 
resections, supplemented by streptomycin, should lie held in reserve until the 
above measures are unsuccessful. 

J^ossiblc Rclnlionship of Location of Lesion to Resistance to Tnhcrctilosis 

One question toward which this study was directed be;us on the p;ilhogenesis 
of lower lobe tuberculosis, in view of Dock's theory of upjier lobe loc;diz;ition of 
this di.'jca.se. In a carefully calculated mathematic;il demoiistration. Dock has 
utilized newer knowledge of cardiova.-scular dynamics to prove that the circula- 
tion in the pulmonary apices is virtually nil in the erect position. 'J’he systolic 
|)ro.ssurc in the pulmonary artery is 20 to 2*) mm. llg, the di:istolie pressure is '» 
to 7 mm. and the average mean pulmonary arterial }ne.<sure :is it leaves the he:irt 
is lo to IS mm. Ilg. A column of blood 20 to 2o cm. in height e.xerts an e(|ual 
(and oppo.sile) pre.<sure by its hydrostatic elYeet. 'I'lie ;ii)ex of the lung is lo to 
.30 cm. cephalad to the pulmonary artery and therefore the pulmomiry ;irterial 
pressure in the apex of the lung, with the patient seated or standing, is r.arely over 
10 mm. and in t:ill long-chested individuals it should lie zero. Tlie osmotic 
tension of the idood proteins is 2.') mm. ligand that of the tissue proteins is 10. 
Tliere exists, therefore, an osmotic force of bl mm. llg which tends to ke*'p 
fluids within the bloo<l ve.'sels and the systolic pressure mu.-t exceed this to pro- 
duce :in effeetive intra-:irteri:d pre.-sure which will forc(' fhiids (nith oxygen, 
nutrients, antibodic's, etcetera) into the tissues. Hciaiusc of thc.-e facts Dock 
draws the following comdusiotis; (1) l.itfh" or no blofKi lious through the upper 
one-third of the lungs during two-thirds of the day. (2t No li—ue fluid or 
lymph is formt'Ki there wliile the ])atient is in the erect po-ition. (.'b kittle or no 
eatbon dioxidt' f>r oxygen exchange c;m take phu-e nor c;m !intibo<iie- he forrtusl 
nor can removal of bacteria or dilution of their products f.ake place. Dock sug- 
gests th;it tubercle bacilli are inlcderi into;ill parts id the lung- but ho-t n-i-taie c 
is usuallv great enough to destroy them in tho-e ,-crtion- of the lung- haviieg adc- 
qmite bto'Ki stlliply. In the apiei-s of the tipp-r lola-. hoe.ever, for the ri.o'Ci- 
given above, the force- o! ho-t rc-i-ttmee ;src reiluciil in etiiciency. 

Whv then doe- lower lobe tubcrcltlo-i- (ler-elop? Do-'k rc.i-ofi- that, a- lieet 
p->op!e e.'iti dc'trov tub. rc!e bacilli which tlnd their wa.y to the hc.M’r lobe-, tl,.- 
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development of active disease in these areas must be a manifestation of an in- 
herently lowei’ed resistance. Such patients, he feels, should not be benefited by 
bed-rest, which, he believes, may exert its desirable effect in upper lobe tubercu- 
losis largely bj’- virtue of the increased blood pressure produced in the involved 
area when the patient is reeumbent. 

Each one of the present series of 48 patients was studied from the standpoint of 
whether an unusually low resistance to tuberculosis was evident. It must be 
remembered that in no case was the lesion located above the level of the main 
pulmonarj'^ arterial shadow on the erect postero-anterior roentgenogram. It is 
understood that no predictable course can be expected in the individual case of 
tuberculosis but it is believed that in a group of this size an approach can be made 
to the problem. The following criteria were set up for evidence of lowered re- 
sistance: (a) steady spreading disease with little fibrosis and healing; and (6) 
rapid clinical downhill course with febrile episodes and progressive caseation. 

Of the 48 cases analysis reveals that only 5 showed evidence of decreased 
resistance when these criteria were applied to each one individually. 

The subsequent coui'se of the group is in agreement with this evaluation. Of 
48 patients (of whom 46 had moderately or far advanced disease at the time of 
admission to this hospital) followed for an average of thi-ee years, only five (10 
per cent) are dead and 40 per cent have arrested lesions. Most of the patients 
with arrested lesions reached tliis clinical status without major collapse measures. 
Bed-rest, phrenic crush and pneumoperitoneum accounted for all but 4 of the 
arrested lesions. 

The results observed in this group of patients do not appear to support the 
validity of the idea that patients with lower lobe disease have inherently lowered 
resistance to tuberculosis and hence develop the disease in this at 3 q)ical location. 

In the other series of cases studied (2, 3) the same conclusion was reached, i.e., 
that the chnical course and prognosis in lower lobe disease parallels that of tuber- 
culosis in the more usual distribution. It seems probable that poor results with 
therapy, which give rise to the impression that disease in this location is refrac- 
tory to treatment, are due to mechanical factors rather than immunological ones. 
The high percentage of bronchial disease found in this series plus the related bad 
results with pneumothorax play a large part. In addition there exists the reluc- 
tance of the surgeon to perform thoracoplasty in cases where the upper one-half 
of the lung field is normal. There seems no e^ddence to substantiate Dock’s 
theory that this localization is in itself evidence of lowered resistance or immunity. 
This is not, of course, an effort to support or disprove Dock’s basic analysis of the 
vasodynamics of the lung and its relationship to upper lobe localization. 

SUMMARY 

1. Lower lobe tuberculosis is a fairly frequent problem in the diagnosis and 
treatment of pulmonary disease. 

2. It is often misdiagnosed when first seen clinically and radiologicallj’’. Some 
of the reasons for this are discussed. Repeated sputum studies for tubercle 
bacilli, including cultures and gastric lavage, as well as repeated roentgenograms 
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should be obtained in the presence of lower lobe inflaimnatorj* lesions which fail 
to clear rapidly and completel}’. Lateral and oblique roentgenograms mav bo of 
value in ckrifjdng the diagnosis. The possibility of tuberculosis cannot be dis- 
missed as long as roentgenographic findings persist. 

3. Most patients with lower lobe tuberculosis have bronchoscopic or radiologic 
evidence of bronchial disease. This must be considered in the diagnostic and 
therapeutic management of these cases. 

4. Artificial pneumothorax almost alwaj’s gives unsatisfactor}' results in this 
type of lesion. 

5. No ideal tj-pe of therapy is demonstrated by study of this scries. It scenrs 
probable that a short period of bed-rest followed by phrenic crush and pneumo- 
peritoneum will offer the best results. Even this, however, is frequently unsuc- 
cessful. In addition, little is known of the ultimate fate of the patients who 
become arrested under this regimen. 

6. The status of such measures as resection and cavernostomy plus strepto- 
mycin, either as primary' treatment or in refractorj* cases, has as yet to be 
sufficientlj’ e.xplored. 

7. Patients with lower lobe tuberculosis apparently do not. have decreased re- 
sistance to this disease. The prognosis is approximately the same ns that of 
patients with disease of similar extent in the upper lung fields. Difficulties in 
treatment would appear to bo mechanical rather than immunological. 


SUMAIUO 


Tuberculosis Pultnonar del Ldbulo Inferior 


1. I>a tuberculosis del Idbulo inferior del pulmdn constituj'c im problema bas- 
tante frecuente en cl dingndstico y trat.amicnto do las ncumopattas. 

2. A1 scr obsor%'ada por primera vez clfnica y radioldgic.amcntc, cs a menudo 
diagnostic.ada orrdneamento, y aqui sc discuten nlgunns do las causas do cllo. 
En prcscncia do Icsioncs inn.amatorias del Idbulo inferior quo no dcsap.arecon 
rdpida y eomplctamcnte, hay que h.accr repetidos csludios del osputo, incluso 
cultivos y lavado gistrico, en busca de bacilos tul)erculosos, .asf como radiograff.as 
rcpetid.as. En cl c.sclarccimionto del diagndstico las rocntgcnograffiis latcrnlc.s y 
oblicuas puoden rcsultar utiles. En t.anlo que persistan los hallazgos rarliogra- 
ficos no calx; descartar la posibilidad dc ttilwrculosis. 

3. I~a mayor parte de los onfermos ron tulxrculosis de! Jobiilo inferior muestran 
signos broncoscdpicos o radioldgicos dc afeccidn bronqui.al, lo ciial h.ay quo enn- 
sidcrar cn la atenoidn diagndstica y torapfjutica do cstos casos. 

•?. En csta forma do Ie.^!(5n el noumotdra.v torapd-utico casi sicnip.n’ da resuhadnH 


poco satisfactorios. 

5. E! cstudio de csta scrio no ha rovclado ningma tcrapd^tUica ideal. Parree 
probable quo un breve porfodo de <ir.-c.anso cn carna segiido de la triturarion de! 
fr<lr.ico y «•! neumopcrito.aco es lo que ofrece nuls pronwsa, y .nun csto itrnv'nu- 
rnontc no da rerndtado. .-Vdenias, poco so del (ie-tino dcfmifivo de lo; < a- 
fcnuo-5 quo se cstacion.ari con rste rinrlmen. 

f). Esta .nun por c.xplorar .n fontlo c! cstado de iradida*- r-iriiu h 
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y la cavemostomia, unidas a la estreptomicina, ya como tratamiento primario o 
en los cases refractarios. 

7. Los eofermos con tuberculosis del lobulo inferior aparentemente no mues- 
tran menor resistencia a la enfermedad. El prondstico es aproximadamente 
iddntico que en los que tienen enfermedad de proporciones semej antes en los 
Campos superiores del pulmdn. Las dificultades terapduticas parecen ser meca- 
nicas mas bien que inmunoldgicas. 
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POOR RESULTS WITH ARTIFICIAL PNEUMOTHORAX IN LOWER 

LOBE TUBERCULOSIS'- 2 

EMIL ROTHSTEIN 

In a recent study of lower lobe tuberculosis (1), two related observations were 
made: The incidence of bronchial disease was unusually high and the results 
with artificial pneumothorax were very poor. In this paper these results are 
considered in detail. 

CLINICAL MATEEIAL 

Seventeen patients were studied. One, however, had bilateral pneumothorax 
for bilateral lower lobe cavitation so an analysis of 18 pneumothoraces will be 
made. All of the patients were males. The average age was 28 years. Four 
were Negroes and the remainder were wliite. A positive bacteriologic diagnosis 
of tuberculosis was made in each case. Ten of the lesions were in the right lower 
lobe and eight in the left lower lobe. The average time between the first appear- 
ance of the lesion on the roentgenograms and the induction of the pneumothorax 
was eight months. 

Description of the lesions: The lesion was moderately advanced in each instance 
at the time of induction of the pneumothorax. In all but 2 cases definite cavita- 
tion was visible and in the 2 exceptions the lesion was pneumonic in character 
with cavitation presumed but not demonstrated radiologicalb’’. In the cases 
showing excavation, the cavity was in the apex of the lower lobe (appearing to be 
hilar on the postero-anterior projection) in 7 and lower in the lung field in 9. The 
upper lung fields were essentially normal in all cases or presented a recent minimal 
extension of the lower lobe tuberculosis which was of little immediate signifi- 
cance. 

Bronchial involvement: Direct or indirect evidences of bronchial involvement 
^vere present in all but one case. The following findings w-ere considered to indi- 
cate tuberculous disease of the draining bronchus or bronchi: (Jf) bronchoscopic 
findings of stenosis or inflammation in the involved lobe; {2) partial atelectasis 
of the involved lobe either prior to or immediately after the induction of the 
pneumothorax; or (S) cavity changes consisting of fluid levels or fairly rapid 
changes in the size and the shape of cavities. Most of these last mentioned find- 
ings occurred in typical tension cavities which were round or oval with clear 
inner borders and relatively normal peri-cavitary lung fields. Twelve of the 
cavities presented fluid levels while sudden changes in size were recorded in 13. 
Atelectasis of a segment of the lower lobe was present in 5 cases before pneumo- 
thorax and in 5 immediately after its induction. Bronchoscopic changes wnre • 
noted in 6 of the 9 cases in -which bronchoscopy was performed. Thus it can be 
seen that many patients presented two or three of these manifestations. 

' From the U. S. Veterans Administration Hospital, Tuberculosis Division, Wood’ 
Wisconsin. 

5 Published w-ith permission of the Chief Medical Director, Department of Medicine and 
Surgery, Veterans Administration, who assumes no responsibility for the opinions expressed 
or conclusions drawn by the author. 
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RESULTS MTTH ARTIFICIAL PNEUMOTHORAX 

The goal to be achieved with artificial pneumothorax is arrest of the tubercu- 
lous process, leaving a lung which re-expands and has a fairly good residual respi- 
ratory function. Serious pleural complications must be absent. The writer 
believes, with most other phthisiotherapists, that pneumothorax should be a 
reversible procedure which conseiwes much of the fimction of the involved lung. 
It is thought that a fibrothorax vdth a nonfunctioning lung, or an imexpandable 
lung with permanent pneumothorax or persistent effusion, must be considered a 
poor result even if the disease in the underljdng lung is apparently inactive. It 
is on the basis of tliis evaluation that the following analysis was made. 

In none of the 18 cases was a satisfactoiy result obtained (table 1). In 6 cases 
inoperable adhesions led to tlie discontinuation of the pneumothorax after an 
average period of six months. In 4 cases pneumothorax was stopped after four 

TABLE 1 

Reasons for poor rcsalls in pneumothorax cases of lower lobe tuberculosis 


Inoperable adhesions 6 

Massive recurrent effusions 5 

Persistent cavity without adhesions 4 

Voluntary discontinuation 1 

Unexpandable lung 1 

Progressive atelectasis 1 

Total 18 


to six weeks; 2 pneumothoraces were continued in other hospitals for twelve and 
twenty-one months, respectively. One patient has had lobectomy and 2 are 
scheduled for thoracoplasty but all 6 with inoperable adhesions still have active 
tuberculosis. 

In 5 cases persistent massive pleural effusions led to the cessation of pneumo- 
thorax after an average period of eleven months of collapse. Fluid appeared on 
an average of five months after the onset of collapse therapy. In 2 of these pa- 
tients acid-fast bacilli w'ere present in the fluid but no purulent empyema de- 
veloped. One patient has had thoracoplasty for an unexpanded lung, a second 
is undergoing thoracoplasty for an ipsolateral upper lobe cavity which developed 
subsequently, a third still has active disease, and the other two have arrested 
lesions. Both of the latter have badly crippled shrunken lungs due to inadequate 
expansion and fibrothorax. Unfortunately, the last statement is supported only 
by clinical observations as bronchospirometric readings are not available in either 
case. 

In 4 cases open cavitation persisted despite the absence of evident adhesions. 
Pneumothorax was discontinued after an average period of fourteen months in 
this group. In general, the treatment was continued for such a long period be- 
cause of cavities which would be lost to view temporarily, only to reappear six or 
eight months later. One of these lesions became arrested following phrenic crush 
and pneumoperitoneum. In a second case cavity closure apparently occmxed 
following open cavemostomy and streptomycin. A third patient had thoraco- 
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plasty for further ipsolateral extension while the fourth still has active disease. 
In one of these cases a tension cavity increased considerably in size while pneu- 
mothorax was being administered. 

Three miscellaneous causes of failure were as follows. In one case une.xpand- 
able lung accompanied by persistent effusion necessitated thoracoplasty. This 
patient’s disease then became arrested. In a second case progressive atelectasis 
developed along with a pleural effusion which contained tubercle bacilli. The 
pneumothorax was discontinued and a phrenic crush was performed with subse- 
quent arrest of the disease. The third patient voluntarily discontinued the 
treatment three months after apparent cavity closure. The ca^>ity reopened one 
year later and the disease spread to both lungs. 

The present status of the series is as follows: In 5 patients the disease is ar- 
rested, in 2 vdth pneumothorax alone. In both of these the result is considered 
unsatisfactory because of shrunken lung plus fibrothorax. The disease has be- 
come arrested in an additional 3 patients after thoracoplasty, phrenic crush, and 
phrenic crush plus pneumoperitoneum, respectivel 3 \ The remaining 13 patients 
in the series all have persistent active tuberculosis. 

smuMABT 

Eighteen lower lobe tuberculous lesions were treated with artificial pneumo- 
thorax. All were in males and the lesions were aU moderately advanced. All 
but 2 were frankly cavitary. Onty 2 became arrested with artificial pneumotho- 
rax therapy alone and in these instances the patients were left with shrunken 
lungs and thickened pleura. Three of the remaining lesions became arrested vith 
other methods of treatment and the 10 others are still active. 

It is beheved that the poor results observed are in part due to the high inci- 
dence of bronchial disease as shown by bronchoscopy or by secondaiy pulmonary 
changes- 


SUMARIO 

M alos Resultados del Neuviotorax TerapSiitico en la Tuberculosis del Lobulo Inferior 

Dieciocho lesiones tuberculosas del Idbulo inferior fueron tratadas con el neu- 
motdrax artificial. Todas eran en varones y todas eran moderadamente avan- 
zadas. Todas, menos dos, eran netamente cavitarias. S61o dos, o sea 11.1 por 
ciento, se estacionaron bajo la accidn exclusiva del neumotdrax terap^utico, y en 
esos cases los enfermos quedaron con pulmones contraidos y pleuras espesadas. 
Tres de las lesiones restantes se estacionaron con otras t^cnicas terap^uticas, y las 
otras se hallan todavia activas. 

Pareee que los malos resultados obseiwados se deben en parte a la alta inci- 
dencia de afeccidn bronquial (95 por ciento) segfin revelaran la broncoscopia o las 
alteraciones pulmonares secundarias. 

REFERENCE 
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Figs. 1-4 

Fig. 1. (upper left) Casel. (A. D.H.). Admission film of November 19, 1942, shelving 
disease in basal portion of right upper lobe with a 2 cm. cavit3' in second anterior interspace. 

Fig. 2. (upper right) Case 1. Chest film, Januaiw 1, 1943, one month after institution 
of pneumothorax. The cavitj' is seen replaced b3'^ an irregular nodular densit3^ 

Fig. 3. (lower left) Casel. Film of August 14, 1946. The nodular densit3' representing 
a presumabl3’^ inspissated cavit3' has become considerabl3' smaller since 1943. 

Fig. 4. (lower right) Casel. Film of JUI3' 21, 1947. The lung is now complotcl3' re-ox- 
panded and the nodular densit3' in the right infraclavicular region shows beginning calcium 
deposition. 

portion of the right upper lobe with a 2 cm. catdty in the second anterior interepace. 
The sputum was positive for acid-fast bacilli. A right pneumothorax was instituted 
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Figs. 7-10 

Fig. 7. (upper left) Case 3 (J.T. U.). Film of July 11, lOl-l, sliowing tlie large eavily in 
the right upper lobe with a basal fluid level. 

Fig. S. (upper right) Case 3. Film of December 6, lOU. The cavity in the right upper 
lobe is smaller, and the fluid level (indicated by arrow) is higher. 

Fig. 9. (lower left) Case 3. Film of January 26, 1946. The cavity in the right upper 
lobe has been completely replaced by a uniform oval density which presumably represents 
an inspissated cavity. 

Fig. 10. (lower right) Case 3. Film of June 19, 1947. The inspissated cavity is smaller 
and more sharply delineated. 


Case S (J. T.U.) : The onset of this patient’s tuberculosis was in March 1943. Admission 
film of October 7, 1943, at Oteen showed a thick-walled cavity 5 by 3.5 cm. in the right 
infraclavicular region. The sputum was positive for acid-fast bacilli. A roentgenogram 
of Julj'' 11, 1944 (figure 7) showed extension of the disease to the left lower lung field. A 
fluid level was seen within the cavity in the right upper lobe and by December 6, 1944 
(figure 8) the cavity had become definitely smaller with a thicker wall and a higher fluid 
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chest roentgenograms showing a lesion typical of tuberculous cavitation, the history of 
recent blood spitting, daily temperature elevations, a chronic cough, and weight loss. On 
July 19, 1946, the tuberculin reaction was positive in the first strength using PPD. By 
December 12, 1946, the ca^dty was believed to have become completely “inspissated” 
(figure 21). Serial roentgenograms through August 1947 showed the lesion to have 
become progressively smaller (figure 22). 

Comment: It is believed that the original “negative” sputum in this case can 
be explained by complete closure of the draining bronchus prior to the patient’s 
hospitalization. This mechanism wall be discussed later in the article. 

DISCUSSION 

The definition of an inspissated cavity should be thoroughly understood. It 
is one in which the draining bronchus has become firmly occluded, where the 
cavity is partially filled with secretions, and its contents have gradually thickened 
by the absorption of air and fluid. The finding of a horizontal fluid level within 
a cavity on a single chest roentgenogram is not adequate to warrant a diagnosis 
of permanent bronchial occlusion. On the contrary, it may indicate merely a 
temporary bronchial occlusion by a plug of mucus or debris which can be readily 
expelled. This is the so-called check-valve cavity. Only through serial films 
can the latter be differentiated from a cavity with a completely blocked bronchus 
followed by gradual absorption of air and progressive inspissation and shrinkage. 

Likewise, an inspissated cavity should be differentiated from a caseous focus 
which has never ulcerated into a bronchus. The caseous parenchjanal focus with 
ultimate excavation in its center is the ordinary method of cavity formation in 
reinfection type tuberculosis. In order to assume that a round nodular density 
seen on roentgenography is an inspissated cavity, there must be prior roent- 
genographic evidence of an open cavity in the same location . 

In the past ten years a small number of articles have dealt with the mechanism 
of closure of tuberculous cavities. The actual anatomic e\ddence presented has 
been fimited to some 39 cases (16, 17). Of these, inspissation was present in 22, 
being the most frequent form of healing observed in autopsy material. This 
seems like an extremely small number of cases wLen it is considered that hterally 
hundreds of cavities have been observed in the course of collapse therapy in any 
large tuberculosis samtorium. The discrepancy may be explained in two ways: 
1. Those patients who collapse their cavities and “convert” their sputum are 
discharged and, in the main, are lost from sight and do not come to postmortem 
examination. 2. In those patients who die as a result of progressive pulmonary 
tuberculosis, what few healed caAdties may be present are usually obscured by the 
mass of active disease. Nevertheless, several authors (Pagel (16), Auerbach 
and Green (12), Loesch (17)) have presented convincing anatomic evidence con- 
cerning the major mechamsms of caAuty closure. Theseare: (f) closed tjqje vdth 
inspissation or scar formation; (2) open tjqje wdth nonspecific bronchiectatic epi- 
thelialization occurring in the cavitary wall and adjacent bronchus. 

Prior to the work of these pathologists, Corj^Uos had adduced both theoretical 
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Whether inspissatiou or scar formation results may well depend upon the 
amount of material in the cavity at the time of broncliial occlusion, in addition 
to other factors such as the thiclaiess of the cavitary wall (12). If the caseous 
contents have been recently extruded, the resultant mass will be smaller and 
eventually will contract to form a scar. If the cavity is filled at the time of bron- 
cliial closure, the resultant mass will become inspissated and remain as a round 
nodular density. 

The idea that retention of secretions in a tuberculous cavity is harmful to a 
patient was based chiefly on the assumption that coexisting pyogenic organisms 
would cause superimposed infection. Coryllos (S), in the course of cavemostomy 
operations, investigated the contents of several cavities and found no pyogenic 
organisms on smear and culture. Even Pinner (13), who has been a leading 
proponent of the theory that toxemia results from retention of secretions within 
a caidtj', has recentlj^ admitted that some caidties may follow the benign course 
outlined by Coryllos. The present findings in 24 cases confirm the deductions of 
Corjdlos’s physiological studies .and the pathological investigations of Pagel (10), 
Auerbach (12) and Locsch (17). 

In 20 of 24 cases the last sputum positive for tubercle bacilli was from one to 
sixteen months prior to the demonstration of “inspissation” by roentgenography. 
Tins is in accord vith Corj'Uos’s concept that bronchial closure precedes cavity 
closure. None of these patients demonstrated an}’’ clear-cut to.xemic s3Taiptoms 
of retention. 

In the past it has been the general concensus of opinion that these lesions are 
unsafe and eventnally vill empty their contents through the draining bronchus 
and cause a bronchogenic spread. In none of the cases of the present series has 
this catastrophe occurred although 8 have been folloAved for from two and 
one-half to seven and one-half years and 16 have been followed from six months 
to two years. Serial roentgenograms show these caseous areas to be consistently 
decreasing in size since “inspissation.” There is good reason to believe that they 
win go on to calcification and permanent healing. Furthermore, in the past 
eighteen months at Oteen Hospital, where appro.ximately 3,000 cases of pulmon- 
ary tuberculosis have been seen, not a single case has been observed in which a 
definite “inspissated” caAuty has broken do-wn. This would indicate that the 
latter phenomenon, although it may occur, is certainly very rare. 

It should be clear that the -RTiters are not questioning the accepted indications 
for pulmonary resection in certain well-defined tuberculous lesions. This pro- 
cedure is generally considered to be justified in: (1) tuberculous bronchiectasis; 
( 8 ) following thoracoplasty failure -with a residual ca^dty; (S) basal tuberculosis 
which fails to respond to collapse measures ; ( 4 ) tuberculoma. Actually the diag- 
nosis of a tuberculoma is extremely difficult, and many round nodular lesions with 
an unlmo’wn diagnosis are proved to be tuberculous only folIo^ving removal. Nor 
do the writers question the indication for exploratory thoracotomy and resection 
in cases of large nodular lesions of undetermined etiology (5, 11). All of the 
present cases involved “inspissated” tuberculous ca’vities which it is believed 
represent regressing lesions. 
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therapy. It is of importance to note that the pneumonias in his study were 
primarily nonsuppurative, hloreover, lus concern was mainly with the effect of 
tuberculosis on the complicating pneumonia in contrast to the approach of the 
present study. 


CLINICAL MATERIAL 

The material comprising the present study consists of all cases of proven co- 
existing tuberculosis and pneumonia, necrotizing and otherwise, discharged from 
the chest servdce of Bellevue Hospital between July 1941 and June 1947. All 
cases of tuberculous pneumonia, pneumonia secondary to tuberculous, or neo- 
plastic endobronchial disease are excluded. 

Evidence of activation of the tuberculous lesion was considered to be definite 
when there was: (a) post mortem evidence of recent activation; (6) progressive 
tuberculosis after pneumonia, and the tuberculosis had previously been station- 
arj’^; (c) extension of previouslj' active tuberculosis coincidentally with the pneu- 
monia. 


TABLE 1 

Incidence of aciivation 


PKEUVOKIA 

KECSOTIZIKC PKEUMONIA 

Activation 

Number 

Percent 

Activation 




16 

13 

Definite 

21 

55 


9 

8 

Doubtful 

4 

11 


91 

78 

None 

11 

29 


1 


Tlndfitfirminfid 

2 

5 








117 

100 

Tnial 

38 

100 






Cases in which the pneumonia was accompanied or followed by the transient 
expectoration of tubercle bacilli or residual densities on the roentgenogram were 
classified as doubtful. The designation undetermined was used for those cases in 
which death occurred too quickly for proper evaluation or in which there was 
inadequate information regarding pre-existing tuberculosis. 

A total of 155 cases, 38 of which were necrotizing pneumonias, has been re- 
viewed. In table 1 the criteria of activation are applied separately to the pneu- 
monias and necrotizing pneumonias. The high percentage (55 per cent) of 
activation in the necrotizing group is of interest. 

The relationship between activation and the type of pre-existing tuberculous 
disease may be seen in table 2. The largest percentage of activation (11 per 
cent) is seen to occur in the “fibro-caseous” classification. 

As was pointed out in the previous report, the bacteriology and location of 
the inflammatory lesion are of greatest importance in determining subsequent 
activation of the tuberculosis. In tables 3 and 4 may be seen the relationship 
of activation to these factors. It may be seen that organisms causing destruc- 
tion of lung tissue are most fikely to cause activation when the lesion produced 



















70 


thereby ic ? . . and DAmi 

of f'“«eria,*pTOi‘‘ ‘^'"'‘’“'ous lobe !„ 

“"y Wlien situated in „ ^ ““‘■■'Kt, the less dost 

- 2 ““‘■vetion, 

^"«'ation -~~IZZ2ir 

— 1 



^ I’neumonia. 


Activation of tlip fuK t 

cocciis type ITT 1 process occurrprf • , 

® organism is clarified 



71 


KFl'IXT OF NONTl'lUvlU'ljl.OUS I’lILMONAUY I^■FIJA^^MAT10N 

bv referring to table b in whieh the relationship between activation, etiology of 
the acute pneumonia and its location arc tnbnlated. It may be seen that. 3 of 
the remaining 4 cases of pncuvwcoccus type HI pneumonia occurred in lobes 
other than those involved by tuberculosis. It is of interest to note that the 
fourth case of nonactivation occurred in a tuberculous lobe which was c(Tccti\ elj 
collapsed by pneumothorax. In table G the relation of therapy to activation is 
t.abulatcd. ' In this small number of cases ciiemotherapy api)carcd to have no 
cft'cct on the percentage of activation. 


Bclalion hcliirot bactcriologic fiiidingf anil location of the pneumonia to aclivation of Inbcr- 

culosis 


1 

1 

ACTIVATION j 

. ! 

i 

PneutK 

n 1 

(*ci>cci 

lit 

Olher 

PtteM‘ 

tnocpcci 

Sfref'locciCCf ok 

K. 

pneumoniae 

xitxr.D 

AKD UNOr- 
; TERMINED 

1 

1 

i 

s 1 

0 

s 1 

0 

1 s 1 

0 

\ s i 


s 

0 

s 

0 

s 

0 

1 

Definite j 

i! 

0 

3 j 


1 

1 

0 1 

7 

2 

3 

i 1 

4 

0 

0 

7 

Doubtful > 

0 1 

0 

0 j 

i 0 ' 

0 

1 1 

3 

3 

1 

0 

0 

0 

3 

2 

No activation | 

0 

5 

2 ! 

7 

1 

3 

5 

IG 

0 

2 

0 

1 

9 

50 

Undotennined 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

2 

0 

Total 

G 

12 

G 

3G 

S 

5 

S2 


S = Same lobe. 0 = Other lobes. 


TABLE G 


Relation of thcrapij to activation 


1 

i 

PNEUMOJJIA 

NECROTirtSC PNEUMOXIA 

Dcfinilc 1 

Doubt- 

ful 

1 No 
activa- 
tion 

Undclcr-^ 

mined 

1 Definite 

! Doubt- 

No ' 

activa- 

tion 

Undeter- 

mined 

Sulfonamides 

5 1 

5 

4C 

0 

5 

2 

2 

1 

Penicillin 

9 

3 1 

12 

0 

7 

0 i 

1 

1 

Combined therapv 

2 ! 

1 

3 

0 

2 

0 

1 

0 

No specific therapv 

0 

0 

30 

1 

7 

2 

1 

7 

0 

Total 

16 

9 

91 

1 

21 

4 

11 

2 


CASE REPORTS 

Case!: S. ]\I., a 52-year-old wliite male, was admitted February 13, 1945 with one week’s 
histoiy of left chest pain, cough and nisty sputum. The patient was acutely ill, with 
signs of left lower lobe pneumonia. The total leucocyte count was 15,000 per cin mm. 
The sputum contained type I pneumococci and was persistently negative for acid-fast 
bacilli. The patient was treated with sulfadiazine, with a dramatic clinical response but 
a slow resolution of pneumonia on the roentgenograms. There was no activation of an 
old left upper lobe infiltrate. 
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ration of the tuberculosis. He was readmitted in October 1945 with a one week historj" 
of chills, fever, cough, sputum, and sudden left chest pain. On admission he was acutely 
ill, dyspneic, and cyanotic. The total 16110003^0 count was 20,000 per cu. mm. A roentgen- 
ogram of the chest showed a left lower lobe pneumonia with a left spontaneous pneumo- 
thorax. Sputum culture showed streptococcus hemoUjticiis, streptococcus viridans, and E. 
coli. The patient was treated with penicillin with complete resolution of the pneumonia 
and re-expansion of the left lung. The sputum was persistently negative for acid-fast 
bacilli. He was discharged in December 1945, but readmitted in February 1946 with a 
history of progressive cough, sputum and weight loss since discharge. The sputum con- 
tained acid-fast bacilli. A chest roentgenogram showed extensive left upper lobe disease 
with ca%dtation and subsequent marked spread. This case represents an instance of 
definite activation of tuberculosis following an acute nontuberculous pneumonia. 

Case 7: D. R., a 6S-year-old white male, was perfectly well until four da5^s before admis- 
sion in May 1941 when he began to have left chest pain and a productive cough. He 
was acutely ill with signs of left upper lobe lobar and scattered bronchopneumonia. The 
total leucocyte count was 22,000 per cu. mm. with 83 per cent polymorphonuclears. The 
sputum contained t3q5e HI pneumococci and on 12 examinations was negative for acid- 
fast bacilli. The patient was treated with sulfadiazine and 175,000 units of serum with 
good clinical improvement, and he was discharged July 7, 1941. He was readmitted on 
September 5, 1941 because of cough beginning one month after discharge. The roentgeno- 
gram revealed an infiltration of the left upper lobe and throughout the right lung. Tlie 
sputum was persistentl3’- positive for acid-fast bacilli. This case is considered to represent 
a definite activation following an acute nontuberculous pneumonia. 

Case S: D. G., a 41-3'ear-old white male, was admitted on April 9, 1945 with a history of 
an alcoholic debauch on the prerdous New Year’s Eve, followed b3’- the aspiration of 
vomitus. In Februaiy he began to cough, producing one-half cup of mucopurulent, occa- 
sionally foul, sputum and complained of weakness and a 20 pound weight loss. Exami- 
nation revealed a temperature of 100° F., foul gums, and rales over the right upper lobe. 
The first five sputum examinations were negative for acid-fast bacilli. Successivel3' 
thereafter one was positive, nine were negative and two were positive. Subsequently the 
sputum examinations were intermittently “positive” from May until July, The total 
leucocyte count ranged between 7,000 and 14,000 cells per cu. nun. with SO to 87 per cent 
polymorphonucleai-s. Cultures of the sputum revealed the usual mouth flora. On bed- 
rest the patient gained weight and the lesion cleared rapidly. Bronchoscopy and bron- 
chography were negative. It was felt that this was a necrotizing pneumonia with activa- 
tion of a tuberculous focus. 


Case 9: M. C., a 43-year-old white male alcoholic, was admitted November 21, 1941 with 
a one week history of cough, sputum, and fever. He was found to have a right upper 
lobe pneumonia and K. pneimoniae, type B, was cultured from sputum and blood. He 
was treated with sulfap3Tidine. He showed a slow clinical response with gradual exca- 
vation of upper lobe followed by a residual abscess. The patient refused permission for 
pulmonar3’ resection. 

He was followed for one and one-half s^eare and no change was noted on the roentgen- 
ograms. Nevertheless, he had repeated acute respirator}' episodes with several positive 
cultures for A. Pneumoniae, type B. Examination of the sputum was always negative 
for acid-fast bacilli. 

He was readmitted December 6, 1943, haxdng been lost from observation during the 
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preceding six montlis. On this admission lie gave a history of cougli, simtum and ofi 
pound weight loss in the preceding two months. Roentgenographic exiimination revealed 
extensive bilateral infiltration and the sputum was positive for acid-fast bacilli. 

DISCUSSION 

From the data presented it is evident that the incidence of the diagnosis of co- 
existing pulmonaiy diseases on the Chest Service of Bellevue Hospital has mark- 
edly increased. It is believed that this is due to an increased awareness of the 
possibility of such coe.xistence rather than an increase of pneumonia or tuber- 
culosis, or of pneumonia occurring in the tuberculous. It is the impression of 
the writers that many cases of tuberculosis arc overlooked when admit ted to a 
general hospital with the diagnosis of pneumonia. One need only inquire into 
the past histoiy of the average tuberculous individual to observe the great fre- 
quency of “pneumonia,” with classical symptoms and findings, rapid subsidence 
of these sjmiptoms with appropriate therapy, early discharge from the hospital, 
and subsequent readmission for active tuberculous disease. Obviously these 
cases cannot be included in such a stud3' as the present one. It seems certain, 
however, that their number is great and that the actual incidence of coexisting 
pulmonaiy diseases is larger than any available statistics show. It is believed 
that a true picture can be obtained by attention to the following principles: (/) 
roentgenographic examination of all cases of pneumonia just before discharge 
from the hospital; (5) careful sputum studies in all suspicious cases; ( 3 ) close 
observation of all cases showing slow resolution of an acute pneumonia; and (.{) 
particular attention to those cases where the course and bacteriological findings 
suggest the possibility of a necrotizing process. 

The present data reinforce the concept presented previousl.v that a tulierculous 
lesion is most likelj' to be activated ly a pneumonia if the latter is necrotizing 
and is located in the same lobe. Although the greatest incidence of activation is 
in active fibro-caseous disease, the nature of the original tuberculou.-^ le.sion is of 
relativel}' minor importance, as activation can occur in calcified primarv le.-^ions. 

Despite the relativel.v small number in this series, llie sulfonamide and penicil- 
lin treated cases show a rather high incidence of activation. Comparison with 
previous statistics shows that use of chemotherap.v has not significantly changed 
the percentage of activation. One ma,v speculate as to the jn-obaljlc reasons for 
this disappointing observation. Is it justified to as.sume that .specific theraiy of 
the pneumonia prolongs life and hence affords time for the progression of acti- 
vated tuberculous disease? Or is it po.ssible that in nonterminal cases tlie early 
invasive nature of the suiicrinfecting organism initiates iirogression of the pre- 
existing tuberculous lesion before chemotherap.v has a chance to exert its bacte- 
riostatic or bactericidal cfTcct? Theoreticall.v it .seems likely that intensive 
specific therapy, if instituted early, would prevent the development of necrosis 
and thereby prevent activation of the underlying tuberculous disease. 'I'lie dis- 
aiipointing re.sults might thus be due to late initiation of therajiy, a situation 
which might be remedied by the admi.s.sion of iiatients early in the course of 
their pneumonia. Whether or not coincident administration of streptoinvein 
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Rould iirovent activation of the tuberculous process remains to be determined in 
further observations. 


SUM.MAliV 

1. A study of the effect of nontulierculous inflammation on pidmonary tuber- 
culosis has been brought up to date. The increased incidence of coe.xisting 
disease is j)robably due to increasing awareness of the possibility. 

2. 'J'he necrotizing component, of a pneumonia is again shown to be of greatest, 
signilicance in the activation of tuberculous infection. Location of the superin- 
fection is again implicated. 

d. Satisfactory collajise therapj' militates against :ictivation even when pneu- 
monia is located in the collajised lobe. 

-1. Ade<iuate bacteriological identification of the superinfccting organism is 
essi'ntial to the projier management of the tubercidous disease and has a <lirect 
bearing on prognosis. 

o. The inesent limited data indicate that antimicrobial therapy dirl not jne- 
vent activation of the tuberculous process. On theoretical groumls early in- 
tensiv(‘ specific tluanjiy might change the.«e residts. 


SUMAIUO 

KUrio ih' Ui Xfuntouitts Xo T ttbirciilom xobir In Ttibrrcitlostt!-' Pulmnnar 

1. So. ha puesto al dla un estudio del efei'to de la inflamacidn no t\d>erculos;i. 
sobre la tiiberculosis ])uhnonar. La mayor incidencia de esta coexistoncia pro- 
(■(hIc ])robableniente de la mayor atcncidn presta<ia a su posibilidad. 

2. i'teinucstrase de nuevo ijue el factor mHToti7..'mte de nna neumonla revisto 
impnrtanci!i maxima eu la aclivacidn de la infeccidn tulMTculosa. l.a localiza- 
cion de la superinfeccidn es inculpada do nuevo. 

;5. La colapsotei-apia .sitisfactoria milita contra la activaciiin aun cnando la 
nemnoida sc loc.alice on ol Idbulo aplasta»lo. 

•t. La adcciiada identiticacinn l)acterioli'igica del microbio snj)erinfoct;int(‘ 
ii'snltn indispensable jiara la propia atoncion de la enfcnne<iad tubercidosa y 
guarda ndacirai dircct.a con cl prom>stic<*. 

o. Los actuah's y limitados dates imiican »)Ue la tcnijicutica anlimicrobian.a 
no impidio la aclivacidn del prm.M'so lula'nailoso. J'cdric.'imcnto. una intensa v 
temprana lempeiilica cspecilica podria alt«Tar ostc rc.-nltado. 
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monia \\ith cxt'Cnsive ca\atation, niiliar 3 '’ tuberculosis of the spleen and kidneys, and 
sjTphilitic aortitis. No congenital anomalies other than the supernumerary rib were 
found. 

When the right lung was removed, the supernumerary rib was seen originating 
from the third dorsal vertebra on its anterolateral surface, articulating inde- 
pendentlj'^ of the normal rib arising from this vertebra. The rib coursed along 
the posterior thoracic wall downward and slightly laterally on the anterior sur- 
face of the normal ribs, e.vternal to the pleura. It terminated at the level of 
the eighth thoracic vertebra seven centimeters from the vertebral body. There 
were twelve pairs of thoracic ribs arising in normal manner. 

About one per cent of persons have some variation from the normal pattern 
of twelve pairs of thoracic ribs. Extra ribs, in either the cervical or the lumbar 
region, may be single or paired. Occasionally one side of the thorax may have 
fewer than twelve ribs because of maldevelopment of a vertebra (1) or because 
of fusion of adjacent vertebral or costal segments. Such variations can easily 
be explained and are usually accompanied by other congenital anomalies. 

The herein reported supernumerary rib cannot be similarly explained and was 
not found associated wdth other congenital anomalies. No description of a 
similar rib could be found in the literature. 

REFERENCE 

(1) Gladstone, R. J., and Wakelet, Cectl P. G.: Cervical ribs and rudimentary first 
thoracic ribs considered from the clinical and etiological standpoints, J. Anat., 
1932, 66, 334. 



A TUBERCULOSIS CASE-FINDING PROGRAM IN ERIE COUNTY, 

NEW YORK 

VINCENT H. HANDY> akd ^VILLIA3M D. CRAGE> 

INTRODUCTION 

For many 3 'ears Erie Coimty, including the city of Buffalo, lias liad one of the 
highest tuberculosis death rates in New York State. During the period 192G- 
1928 the average annual number of tuberculosis deaths among residents was 
561, giving a mortality rate of 78.0 per 100,000 population. In 1944-1946 the 
average annual number of deaths among residents was 426; tliis figure gives a 
rate of 49.6 per 100,000 (1). 

The tuberculosis death rate for Erie County in 1946 was 46.8 per 100,000 popu- 
lation. Although this rate is considerabl 3 '’ lower than those recorded twenty 
years ago, it is obvious that Erie Count 3 ’’ still has excessiveb*^ high mortalit 3 ’ 
when one considers tliat in 1946 the tuberculosis death rate for the entire up- 
state New York area was 30.2 per 100,000 (1). With such a lugh death rate 
one might reasonabl 3 ' expect a high incidence of the disease. Tins assumption 
led to an examination of the local facilities available for tuberculosis case-finding 
in 1946. 

The count 3 ’’ has two health department clinics where indi\ddunls may obtain 
roentgenograms ivithout charge. One is operated by the Buffalo City Health 
Department and one b 3 ’^ the Erie County Health Serwcc. In addition to these 
clinics, the city of Buffalo has several appro^'ed hospitals where chest clinics are 
held and where chest roentgenograms are obtainable. A chest clinic is also 
operated b 3 ' the Buffalo and Erie Count 3 '' Tuberculosis Association. 

In spite of these facilities, however, the cit 3 ’’ had had no concentrated drive to 
get the population examined rocntgenographicall 3 ' and to find as man 3 ' cases as 
possible, although the Tuberculosis Association had conducted several mass 
projects embracing some 10,000 roentgenograms over a period of three 3 'cars. 

The nursing sendees of the official health agencies did tlie follow-up work in 
connection vdth these projects. It became obvious, however, that more positive 
measures would have to be taken in order to find the unknown cases. 

After stud 3 ’^, the Board of Directors of the Buffalo and Erie County Tuber- 
culosis Association purchased a mobile roentgcnographic unit from Cliristmas 
Seal funds. On March 4, 1946, a mass tuberculosis case-finding program was 
undertaken for Buffalo and all of Eric Count}’ b}’ the Tuberculosis Association. 
This program had the support of tlio Eric Count}’ Medical Society, tlie state and 
local health departments, and various other health agencies in the community. 

‘ .\ssistant District Hcr\Uh OfTiccr, New York State lle.-ilfti Department, UufTnlo, New 
'^°*^Associ.ato Sccret.ary, Buffalo ami Eric County Tuberculosis .tpsociation, Ine. 
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According to table 3, 190 of the 80,512 persons examined were given pre- 
liminary diagnoses of definite tuberculosis on the miniature film, while 971 
others were suspected of having the disease. For each 1,000 persons examined, 

2.4 tentatively definite cases were found in addition to 12.1 suspected cases., 

• 

TABLE 1 


Persons of each sex xoho were examined by miniature film, classified by age group: Erie Counlyi 

March 4, 1946-MaTch St, 1947 


AGE CSOUP 

BOTH SEXES 

UALE 

j rotALE 

Number 

Pfreent 

distribu- 

tion 

Number 

Percent 

distribu- 

tion 

Number 

Percent 

distribu- 

tion 

All ages 

80,512 

100.0 

38,711 

100.0 

41,801 

100.0 

Under 15 years 

5,464 

6.8 

2,496 

6.4 

2,968 

7.1 

15 to 24 years 

29,164 

36.2 

13,527 

34.9 

15,637 

37.4 

25 to 34 years 

16,176 

20.1 

7,390 

19.1 

8,786 

21.0 

35 to 44 years 

13,808 

17.2 

6,651 

17.2 

7,157 

17.1 

45 to 54 years 

9,252 

11.5 

4,852 

12.5 


10.5 

55 to 64 years 

4,673 

5.8 

2,630 

6.8 

2,043 

4.9 

65 years and over 

1,483 

1.8 

899 

2.3 

584 

1.4 

Age not reported 

492 

0.6 

266 

0.7 


0.5 


TABLE 2 

White and nonwhitc persons of each sex vho xrcrc examined by miniature film, classified by 
age group: Eric County, March 4, t94G — March SI, 1947 


ACE CBonr 

WHITE 

KOKWHXTE 

Both 

sexes 

Male 

Pemalc 

Both 

sexes 

Male 

Female 

All ages 

77,008 

37,191 

39,817 

3,504 

1,520 

1,98! 

Under 15 years 

5,184 

2,356 

2,828 


MO 


15 to 24 years 


13,008 

1-1,074 

1,122 

459 

66.3 

25 to 31 years 

15,28! 


8,222 

892 

328 

56! 

35 to 44 years 


0,.37G 

6,830 

002 

275 

327 

45 to 54 years 



4,198 


200 


55 to 64 years 

4,539 

2,A18 

1,901 

134 

82 

52 

65 years and over 

1,432 

870 

550 

51 

23 

2S 

Age not reported 

471 

253 

218 

21 

13 

8 


The interesting feature of table 3 is the fact that the proportion of c.ases found 
increases directly with the age of those examined. This statement holds whether 
one considers the proportion of persons %vith tentative dingno?c.s of definite 
tiiberculosis or the proportion with suspected tuberculosis. 

Tliis table corroborates the findings of certain other studies. Tlic success of n 
mass case-finding project hinges on abilitj* to induce large numbers of older 
persons to l>c examined, though this fact is not widely recognized. The higlier 
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the median age of the group examined, the larger will be the number of cases 
found. 

Among the white persons examined, 2.4 per 1,000 were tentatively diagnosed 
as haAdng definite tuberculosis; this proportion is the same as that for the entire 
group. The corresponding proportion for the nonwhite group was 1.7 per 
1,000 on whom roentgenograms were obtained. 

Cases considered suspicious among the white group numbered 11.9 per 1,000 
examined, compared to 14.8 per 1,000 nonwhite persons. 

Roentgenograms were obtained of a larger proportion of the Buffalo residents 
than in the remainder of the county, but the proportion of definite and suspicious 
cases found was slightly higher in the county. 

TABLE 3 


Persons examined hy miniature film and number and per cent with tentative diagnoses of 
definite or suspicious tuberculosis, classified by age group: Erie County, March 4, 1946- 

March SI, 1947 


ACE CTOUP 

PERSONS 

EXAMINED 

EOENTCEN- 

OGRAPmCALLY 

PERSONS WITH TENTATIVE 
DIAGNOSES OP 

1 DEPINITE TUBERCDIOSIS 

PERSONS WITS SUSPICIOUS 
TUBERCULOSIS 

Number 

Rate per 
1,000 persons 
examined 

Number 

Rate per 
1,000 persons 
e.xamined 

All ages 

80,512 

190 

2.4 

971 

. 12.1 

Under 15 years 

1 

5,464 

1 

0.2 

8 


15 to 24 years 

29,164 

23 

0.8 

144 


25 to 34 years 

16,176 

30 

1.9 

180 


35 to 44 years 

13,808 

44 

3.2 

216 

15.6 

45 to 54 years 

9,252 

42 

4.5 

203 

22.0 

55 to 64 years 

4,673 

37 

7.9 

143 

30.6 

65 years and over 

1,483 

13 

8.8 

73 

49.2 

Age not reported 

492 

— 

— 

4 

8.1 


Although tentative diagnoses were made on the basis of miniature films, more 
definite diagnoses occurred after a follow-up examination and study. In the 
miniature films, tentative diagnoses of so-called definite tuberculosis were made 
in 190 cases, suspect tuberculosis in 971, and nontuberculous abnormalities in 
383 cases. A total of 1,576 persons needing examination and second roentgeno- 
grams were invited to return to the chest clinic of the Buffalo and Erie County 
Tuberculosis Association. In response to this request, 1,490 persons were ex- 
amined; 1,298 of these returned to the Association clinic for their first follow-up 
examinations and 14 by 17 films. This number includes 147 persons tentatively 
diagnosed as having definite tuberculosis, 811 with suspect tuberculosis, 308 
with nontuberculous abnormalities, and 32 whose miniature films were unsatis- 
factory. 

The names of those who failed to appear for this follow-up examination at the 
Tuberculosis Association’s clinic were turned over to the health departments for 
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subsequent follow-up. This group was referred either to the Citj’ Chest CUnic 
or to the Erie County Health Ser\dce, depending upon their places of residence. 
There were 192 of this group e.\'amined, including 29 who were tentativelj* diag- 
nosed as definite tuberculosis on the miniature film, lOS considered to bo tuber- 
culosis suspects, and 55 with nontuberculous abnormalities. 

In table 4 are presented the findings on the follow-up of 1,490 persons on 
whom 14 by 17 films were taken at these three clinics. According to this table, 
a total of 335 clinically significant cases of tuberculosis was found as a result of 
examining 80,512 persons by roentgenogram. These figures indicate that 4.1G 
clinicall}' significant cases were found per 1,000 e.varained. This finding is 


TABLE 4 


Cases diagnosed on 14 hg 17 film, classified by tentative diagnosis on miniature film; Erie 

County, March 4, 104S-March SI, 1047 


TEKTATIVX DIACKCSIS OK UIKIATUSX riLif 

-f 

> 

a 

a 

M 

< d 

X K 
Ur- 

■< it 

H 

cxisncAiXT stc^^rrcAKT 
CASES or rCLVOKASY 

TirBi:Ean.osis diackosed 
BY 14 BvWrau 

o 

o 

H 

ti 

n 

D 

H 

tfj 

» 

O 

as 

s 

3 

M 01 

g5 

h M 

W M 

n a 

< 
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< 

n 

a 

sa 

Bfi 

M 2 

gc 
c ^ 

K 

H 

H 

O 

n 

>• 

•4 

•4 

5 

fc 

t: 

vt 
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5 

M 

A. 

O 
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s 

-c 

X 

M 

s 

c2 

*#s 

J 

.2 

•SS 

sS 

o > 
*cr*c 

0 m 

a 

fi 

> 

« 

All clingnoscs 

1,490 

335 

255 

73 

•f 

t 

6S 

242 

38S 

423 

34 

“Definitely tuberculosis” 

176 

118 

66 

45 

7 

0 

34 

10 

2 

" 

Suspicious tuberculosis 

919 

212 

186 

26 

— 

55 

190 

12S 

316 

IS 

Nontuberculous abnormnlitics. . 

363 

3 

2 

1 

— 

S 

17 

247 

79 

9 

Cardiac condition 

21 


— 

— 




19 

*> 

— 

Suspected silicosis 

16 

— 

— 

— 

— 

1 

_ 

13 

1 

1 

Other patbolopy 

326 

3 

2 

1 

— 

7 

17 

215 

76 

S 

Uns.atisfactorv fdm 

32 

O 

1 

1 

— 

— 

1 

3 

26 

— 


comparable to that of other mas.s c.asc-fm(ling projects in which approximately 
4 active ea.sos were found per 1,000 adtiUs c.xarnincd. 

A check of health department records revealed that 2.3, or approximately 7 
per cent, of these 335 clinically significant cases were prcvioti.sh- known. .\s 
stated earlier in this article, the number of cases found depends largely upon the 
ages of tlie persons cxaminc<l. 

In addition to the clinically significant cases of tuberculosis, GS cases ■.cere 
con.sidered to be suspicious tuberculosis, 2-12 were found to bo apparently cured, 
and 3SS individuals showed evidence of some nontubcrculou.s abnormality. 
Toe last named group included inst.anccs of marked fibrosis, emphysema, pneu- 
monia, neoplas.m, or cardiac cnlargmcnt which would warnvnt further stmly. 

Of the I7G cases diagnosed ns "definite tuberculosis” on the miniature filrn'i 
two-thiials (IIS) were considered to be clinically significant when tliC M by 17 
films were semtinired. -Moreover, 23 per cent of the 919 persons wh-r- mini:i- 
ture films implied suspicious tuborculads proved to imve the fli=ea'e in rhni- 
cally significant stage when the larger films b.ad b«n taken. 
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Tliree-fourths (255) of the 335 clinically significant cases found in this survey 
were diagnosed as in the minimal stage. This percentage compares favorably 
with the findings of other mass case-finding projects. 

A summary of the significant findings among the 80,512 persons examined is 
shown in table 5. It is interesting to note that the tuberculosis cases found are 
less numerous than are the cases with nontuberculous abnormalities. 

From the data in table 5 it is evident that 1.28 per cent of the 80,512 persons 
examined were found to have some stage of tuberculosis or some other pathologi- 


TABLE 5 

Number and rale of pathological cases found per 1,000 examined, classified by diagnosis on 
14 by 17 film: Eric County, March 4t 1946-March 31, 1947 


DIACSOSIS ON 14 BV 17 FILMS 

PATHOLOGICAL CASES POUND 

Number 

Per l,000^rsons 
examined 

All diagnoses 

1,033 

12.83 


Clinically significant tuberculosis 

335 

4.16 

Suspected tuberculosis 

68 

0.84 

Apparently cured tuberculosis 

242 

3.01 

Nontuberculous abnormalities 

3S8 

4.81 



TABLE 6 


Persons with specified diagnoses on miniature films who had failed to return for follow-up by 
April 1, 1947, classified by reason for failure to appear: Erie County, 

March 4, 1946-March 31, 1947 


SEASON FOX FAILBIE TO AFFZAR FOX FOLLOW-CP 

j PEBSONB WITH SPEOPIED DIAGNOSES ON MINIATUBE 

FILM WHO TAILED TO RETUBN FOR POLLOW-UP 

j 

Total 

“Definite 
tuber- 
1 culosis” 

Suspicious 

tuberculosis 

Nontuber- 
culous ab- 
normalities 

All reasons 

86 

14 

62 

20 

Refused to be re-examined 

47 

5 

29 

13 

Under care of private physician 

20 

7 

12 

1 

Could not be located . . . 

17 

1 

11 

5 

Returned to tuberculosis sanatorium 

2 

1 

— 

1 


cal condition. If the apparently cured group is disregarded, then one per cent 
of those examined roentgenographically needed further supervision. A report 
was sent in each instance to the patient’s private physician. 

In surveys of this size it is impossible to obtain 100 per cent follow-up. For 
example, 86 persons failed to appear who were supposed to report for follow-up 
after their miniature films had been read. The names of these persons were 
referred to the city health department and were checked by public health nurses. 

In table 6 may be seen the reasons for failure to return for follow-up examina- 
tions, together with the initial diagnoses on the miniature films. As 1,576 were 
requested to return and only 47 definitely refused to do so, it is evident that the 
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uncooperative group vas but 3 per cent of those who needed follow-np. It is 
difficult to determine whether the group which could not be located were unco* 
operative or not. 


SmtMARY AXD COXCLUSIOXS 

Between March 4, 1946 and March 31, 1947, a mass case-finding project was 
carried on in Erie County, New York by the Buffalo and Erie Coimty Tuberculo- 
sis Association. During this period 80,512 persons had chest roentgenograms 
(miniature films) and 1,576 were found to need further study. The first step 
in this follow-up procedure consisted of examination and another roentgenogram 
on a 14 b}’’ 17 film. 

The Tuberculosis Association carried on this intensive follow-up work leading 
to examination and the obtaining of 14 bj’’ 17 roentgenograms of those individuals 
requiring revicvr. As a result, 335 persons, or 4.16 per 1,000 examined, were 
found to have clinically significant tuberculosis. Three-fourths of these 335 
were minimal cases, an indication that their chances of recovery are excellent. 
Presumably the majority of these minimal cases would not have become known 
at this time imless the mass sur^'ey had been held. A check of health depart- 
ment records revealed that 23, or approximately 7 per cent, of the 335 clinically 
significant cases had been proviousl}* reported. 

In addition to the 335 cases of tuberculosis which were found, 3SS diagnoses of 
nontubcrculous abnormalities were made as a result of the survey. This finding 
must be considered as of equal importance to the discovery of 335 cases of tuber- 
culosis. 

One of the most significant results of this study is the finding that the propor- 
tion of cases discovered increases directly with the age of the persons examined. 

If one considers all Ut^cs of pathological ca.scs found among the 80,512 persons 
examined, it becomes apparent th.at one per cent of the entire group presents 
some abnormality requiring medical attention. 

A mobile chest rocntgcnographic service should continue to be a v.aluabic 
component of any over-all tuberculosis control program. The Erie County, 
New York, experience demonstrates clearly how such a mobile unit can be co- 
ordinated effectively with the ofrici.al health agencies and other communit}' 
organizations and facilities. 


Str.MAKIO 

Obra dc Dcmihrimicnto dc Caso;; dc Tubfrculosi!! 

Del 4 dc marzo do 1016 al 31 de marzo de 19 17 ilovo a cabo una nbrn colee- 
tiva dc dcscubrimiento dc casos cn cl Condado Eric, en el Estado do Nuev.a Vorh. 
por la .'Vsociacidn Anti-Tubcrculo.sa dc la ciudad do Buff.alo y oi Condado lino. 
Durante dicho pcrimlo de tiempo, obturiCroase radiograflas tonlcir.as (po!i'cuI.a>^ 
on miniatura) dc 80,512 iwrsono-s, cn 1,576 de has cuales ob la ru.wid.ad 
de estudio m.4s dotonido. E! primer tiempo cn cste proc.?dimicnto do ob orv.aoidn 
ulterior consistid en un examen y otni radiografla do 3.> p-.ir era. 
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THE ISOLATION OF THREE DIFFERENT PROTEINS AND TWO 
POLYSACCHARIDES FROM TUBERCULIN BY ALCOHOL 
FRACTIONATION. THEIR CHEMICAL AND 
BIOLO GICAL PROPERTIES' • = 

FLORENCE B. SEIBERT 
rS'TnODUCTION* 

Previous studies (1) have shown that the protein moiety of tuberculin is a com- 
plex mixture of proteins. The conclusions reached in those studies were based 
upon researches on fractions isolated from heated tuberculin. Such fractions 
must have been mixtures of proteins denatured b^^ heat and undenatured proteins 
that withstood the heat. It was decided, therefore, that a more logical approach 
to the study of the proteins could be made by fractionating raw unheated tuber- 
culin and later, if desired, denaturing the isolated fractions. 

The following outline represents a compilation of the methods wliich have 
proved to be most successful in fractionating the tuberculin component into 
elcctrophoretically distinguishable substances. No attempt is made to describe 
in detail each of the mjiny complete fractionations that were made. Complete 
data arc available in files in this laboratory. Onh' those steps arc given which 
were finally chosen as most desirable after numerous modification.s, and it is 
recognized that the scheme of fmetionation here outlined should bo considered 
prclirainar>'. It is presented at this time because it may lead to the development 
of a more specific tuberculin than has been available previously and because it 
might be helpful to other investigators in this field. 

It will be shown below that the following component-s of tuberculin were iso- 
lated: two distinct poh’saccharides, designated I and II; and three distinguish- 
able proteins, designated A, B and C. These proteins have also been discussed 
previously (1). The A protein had the slowest migration when studied in elec- 
trophoresis, and the B and C proteins had a faster migration. While the mobili- 
ties of the B and C proteins were approximately the same, their solubility 
properties were different. Polj'saccharide I was the small poly.saccharide mole- 
cule studied extensively in the p.ast (1, 2), and polysaccharide II was a large 
molecule not hitherto described and found in quantity only in ciiltun; fill rates of 
certain stniins of tubercle bacilli. 


ouTU.xi; or rnAcrioN.vTiON' ntocumrfu; 

Gro'xVi oflKinUi: Tiil>crcle liacilli of the following strains, huiravn DT, II Tu -inrl .A. .T:- 
.nnd Ixavinc BCG were grown oti I.ongs .synthetic rawliutn, usinlly for eight in tr.i-Ive 
wcc.'o:. In the c-nso of one friction-itiort (No. nf*} the haeilli wert' grown for only five 
weeks, ami in another (No. 03) for thirteen xvecL-. 


» I'ror.! The Henry Phipps lastitute, UnlvcrsUy of 
* .Aided by gr.n.nt* from the Co::'.:r.itt<'e on MMsv-a! 
lo'is .tseocistion. 
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Harvesting of badlli: The bacilli were filtered off, without previous heating of the 
culture, through large Seitz filters as quickly as possible. The filtrates were removed to a 
cold room held at 1 to 2°C and all subsequent procedures were carried out at this tempera- 
ture, using no preservative. 

Concentration of the filtrate and washing: The filtrates were concentrated by means of 
ultrafiltration through 9 per cent^ gun cotton membranes, as described previously (3), 
to a tenth or a hundredth of the original volume, depending upon the viscosity of the 
solutions. Toward the end of the concentration water was added and the ultrafiltration 
continued in order to reduce the salt content of the solutions, as better fractionation 
occurred when the precipitations were made in the presence of a low salt concentration. 

Precipitation of C protein: The C protein was precipitated by adjusting the concen- 
trated ^trafiltrates to pH 3.8 to 4.7 by slowly adding acetic acid with stirring. The 
precipitates, which were colored a moderate yellow, were centrifuged off and washed uith 
acetate buffer pH 4.0, n = 0.02. Further purification can be effected by redissolving and 
reprecipitating. 

Fractionation of the supernatant: The supernatants, after removal of the C protein at 
about pH 4.0, showed in electrophoresis (see figure 4) the presence of two main protein 
components, designated as A and B proteins. In some cases there was present also a 
considerable amount of polj'saccharide with very low mobility, as can be seen in the last 
two diagrams of figure 4. 

Separation of the A and B proteins was at first attempted by means of ammonium 
sulfate fractionation, as small amounts of relatively pure A protein had previously been 
obtained in this way (4, 5). But after repeated trials, using one-fourth, one-third or one- 
half saturated ammonium sulfate at either pH 4.0 or pH 7.0, it was concluded that tliis 
method of separation was not satisfactory. 

Therefore, electrophoretic separation was considered. This method is possible only 
when the resolution of the components is sufficiently sharp to yield distinct components, 
as in the case of the second supernatant shown in figure 4. The results of fractionation 
of this supernatant (lot No. 84) will be described later. In the great majority of cases, 
however, tliis method is not advdsable. 

Finally, alcohol fractionation was attempted and proved to be superior to any methods 
so far used. The steps in the procedure found to be most successful are given below. 
Although the fractionations were made at a temperature of 1°C, a lower temperature 
(-5° to -10°C) would be desirable in order to reduce the possibilities of denaturing the 
proteins. 

Precipitation of polysaccharide II: The supernatant, after precipitation of the C protein 
at pH 4.0, was brought back to neutrality by slow addition of weak alkali while stirring. 
In cases where the solution was not clear it was filtered through the Seitz filter. It was 
then concentrated on fresh ultrafilters to a small volume. To this solution was added 
sufficient 95 per cent alcohol with stirring to give a 30 per cent alcohol concentration. 
A white gelatinous precipitate occuived which dissolved slowl}’- in water, giving a white 
opalescent solution winch appeared blue in dim light. It was named polysaccharide H 
to distinguish it from the polysaccharide previously described (1, 2) and now called 
polysaccharide I. 

Predpitaiion of protdn B: The supernatant from polysaccharide II, winch had a pH 
of 7.0 and an alcohol concentration of 30 per cent, was readjusted to about pH 4.6 by 

’ Nine per cent gun cotton, as now available, gives a porosity which was given pre- 
viously by 11 per cent. 
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addition of acetic acid i;rith stirrins and a precipitate, consisting chiefly of protein B, 
came out. 

Prcdpilation of protein .4: After removal of the B protein at about pH 4.G with 30 
per cent alcohol, more alcohol was added to the supernatant to give a concentration of TO 
per cent. Tiic resulting precipitate contained chiefly the A protein. 

Recovery of polysaccimridc I from final residue: .;Uter the A protein was removed, the 
supernatant was dialyzed to remove alcohol and then conccntmtcd by ultrafiltration. 
Any trace of protein was precipitated by trichloracetic acid and removed. The super- 
natant was again dialyzed to free it from trichlomcctic acid and the remaining solution 
contained polysaccharide I. 


TABLE 1 


Yields of proteins and polysaccharides isolated from different preparations of Itiherenlin 
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* All slr.ains were Imman type tubercle b.acilli c.vcept BCO. 


Yields of Components fsnlrjed 

Table 1 show.s the .amounts of the difTorent proteins ami polysacclmrid-'s ae- 
lually isolated during c.ach fractionation. No claim is made that the mavimum 
j'icld of any of the producl.s was obtained. During the.'^c e.xperiments the jwoper 
conditions for isolation were being sought and the losse.s were necess.'irily great. 
Tiiis is cspcci.ally true in the c.asc of poly.sriccharide I. The yields do, houew'r, 
give a rough idea of the relative amounts of the difTrrent eomporiftits pre-ent 
and they show that in most cases the C protein constituted a large portiim of ti.<- 
tot.al yield. 


Klcctrophorctic Aruzlytes of the Isolated Frae'iiyns nrui Components 

All electrophoretic ane.lvsos were earn*'*.! out iti plio-jdi.ate btiffiT pfi 
;i “ O.I , at a potential gradient of 0 to 10 volt.s pe.' ri.'i. I he rang!*) o: th - mo- 
bilitie^-.' of the isolated components are shown in t.-.S-le 1’. V/l.’^'n purer tr,. •;/>'!■ 

• .\!1 arc r.-s-rxted ir. ut.it.-. of lO*’ cm.’ v.dc-i 
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Supvrnnlant from C profvin, conlaining A and B proteins: After the C protein 
was removed at about pH 4.0, there remained in solid ion tlie polysaccharides and 
some soluble proteins, which when e.xamined by electrophoresis appeared to con- 
sist of two irroteins. One of them had nearly the same mobilit}' as the C protein 
and was called H protein, d'hc other one migrated more slowly and was called 


C FRACTION OF YOUNG CULTURE! 
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Fig. 3. Electrophoretic diafiniins of the C fraction isolated from a young culture, show- 
ing the extra D component as the faster coni])onent above the head of the arrows. 
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Fig. 4. Electrophoretic diagrams of six supernatant fractions after removtil of the C 
protein. In each case the two proteins, B and A, arc seen as the two fastest components. 
In the last two diagrams an additional slow component appears as a sharp peak with slow- 
est mobility, next to the anomalous 5 and « boundaries, with no mobility. These are the 
polysaccharide II. 

A protein (figure 4). These same proteins were found six different times and in 
filtrates from three different strains of tubercle bacilli. 

Protein B. This protein was isolated in two different wa 3 ’^s, as described above 
under the fractionation procedure. 

Separation bj^ electrophoresis. When the resolution in electrophoresis of the 
A and B proteins was good, as in the case of the supernatant from lot No. 84 
(figure 4), the B protein was isolated bj’’ removing mechanicall 5 '’ the faster mi- 
grating component in the ascending limb of the electrophoresis cell. It was sent 
to Airs. Ellen Bevilacqua at the University of Wisconsin for sedimentation and 
diffusion determinations. The results were reported in her thesis (6) and showed 
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Proki'u .-I: This protein also has been isolated in two difTerent waj-^s, viz., b}’- 
(1) clcctropliorcsis, and (2) alcoliol fractionation. 

Separation by electrophoresis. When the supernatant remaining after the 
removal of the G protein was subjected to electrophoresis, the fraction migrating 
with the slowest mobility remained behind on the descending side and could 
easily be withdrawn. This fraction contained the protein with the slowest mo- 
bility, which is called ]n-otein A, and also the slowly migrating polj'saccharides. 
When studied by Mrs. Bevilacqua (C) in the ultracentrifuge it also proved to be 
heterogeneous and gave evidence of at least two components, for one of which a 
sedimentation con.stant of S = l.S was calculated. 

TUBERCULIN PROTEIN A 
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Fio. G. Electrophoretic di.^gr.^nls of three isolated A protein fractions. The conspicuous 
components represent the A i)roteins. The descending diagrams show also the presence of 
a considerable amount of slower components, the polysaccharides. 

Separation by alcohol fractionation. After removal of the B protein fraction 
(see above) the supernatant, had a pH of about 4.6 and an alcohol concentration 
of 30 per cent. The alcohol concentration was then increased to 70 per cent, as 
described under procedure, and a fraction containing most of the A protein pre- 
cipitated (figure G). In this precipitate only a trace of the faster migrating pro- 
tein, B, was present, but there were considerable amounts of the very slowly 
migrating polysaccharides. Further purification of this fraction is, therefore, 
desirable but has so far not been possible because of lack of material. 

This fraction when dissolved in water gave clear colorless solutions. It is pos- 
sible that the A protein is the protein with molecular weight about 35,000 to 
42,000 (4, 5) and it may also be the one which was crystallized (7), but further 
data will be necessary to establish such identit 3 ^ 

Polysaccharide II: This potysaccharide has not hitherto been described and 
appeared in considerable quantity only in the culture filtrates of certain strains 
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of tubercle bacilli, rn., the 11 37, A 33 and BCG strains. Its chemical and biologi- 
cal projx'ities will lie described in another publication. Wlien pre.scnt it could 
be distinguished by the opalescen(;o which it gave to the culture filtrates. It was 
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Fig. 7. Electrophoretic diagrams of six isolated polysaccharide II preparations taken 
after four hours of electrophoresis. No other component ajijicarcd. 


TUBERCULIN POLYSACCHARIDE I ' 



Fig. S. Electrophoretic diagrams of two isolated polysaccharide I preparations. The 
5 and e boundaries arc the slower inconspicuous boundaries in the first pattern and the more 
definite slower peaks in the second pattern. 


readily precipitated by 30 per cent alcoliol at neutrality from the supernatant 
of the C protein, as described above. When studied in electrophoresis (figure 7) 
it appeared to be homogeneous, even after being subjected to the curi-ent for four 
hours. It has been isolated six times from the filtrates of five different strains of 
tubercle bacilli and its presence was apparent in the original concentrated culture 
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filtrates as the sharp peak with very low mobility, which can be seen in the elec- 
trophoretic diagrams of lot No. 92 H 37 and lot No. 9G A-A 33 in figure 1. 

Polysaccharide I: After alt of the above proteins and polj’-saccharide II were 
removed from the culture filtrate, the residue contained a considerable amount 
of this polysaccharide (1). It could be isolated as described above under frac- 
tionation procedure. It. was the highly soluble pob'saccharide of low molecular 
weight (7,000 to 9,000) which had been studied extensively and whose properties 
have been reviewed iireviously (1,2). The electrophoretic diagrams are shown 
in figure S. In most cases it would be possible to isolate considerablj' more of 
this component than is reported in table 1. 


rn&ciiO‘JATiO‘j Of Tur.tKCULin 
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Fig. 9. Electrophoretic di.igr.ims of a typical original concentrated tuberculin and below 
it the isolated fractions corresponding to those distinguishable in the original diagram. 
As all pictures were taken after approximatelj’’ the same time of electrophoresis, their posi- 
tions indicate their relative rates of migration. The sizes of the components do not cor- 
respond with the relative concentrations present in the original tuberculin. 



Figure 9 shows an electrophoretic diagram of an original concentrated tubercu- 
lin and below it patterns of isolated components with mobilities corresponding 
to those distinguishable in the original composite diagram. 

Chemical Analyses 

Methods. The content of pob^saccharide was determined means of the carbazole 
reaction (8, 9), using the purest polysaccharide I or polysaccharide II as standard. 

Nucleic acid was determined bj’^ means of the Dische diphenylamine reaction (8, 10), 
using Hammarsten’s sodium th3unus nucleate as standard. 

Both carbohj'drate and nucleic acid contents were calculated in relation to a simul- 
taneous concentration of 1 mg. per ml. of protein in the same solutions. 

The spectral absorption in ultraviolet light was measured with a Beckman spectro- 
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l)ho(onicter— U sind tlie spccifK; densities were ealeulatcd on tlie l)asis of a j)rotcin 

eoneentration of 1 jjer ml. Tlic protein contents were determined from tlie nitrogen 
contents. 


TABld-: 3 

Pohimc.chnridc aud nucleic acid nnah/sat and spectral drnsilirs of tuberculin proteins, .1, B 

andC. 
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* Lots 96 A and B were made from thirteen week old cultures and the A protein was 
precipitated with trichloracetic acid instead of acetic acid. 

t These fractions were made from a five weeks old culture filtrate. See text. 

These tests were made in tuberculous guinea pigs rather than in Iiuman beings. 


Results: The concentrations of nucleic acid and of carbohj^drate are recorded 
in table 3. The few analyses available show a higher content of polj^saccharide 
with the A and A + B proteins than ndth the C proteins, as would be expected. 
The content of nucleic acid was very low in all cases, but as there nia}’’ be an eii oi 
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when the diphenykinine reaction is used in the presence of much protein, further 
work must be done before a definite statement can be made concerning the exact 
content of nucleic acid in these fractions. 

The specific spectral maximum and minimum densities in the ultraviolet light, 
as well as the ratios of the maximum to the minimum densities, are recorded in 
table 3. The maximum absorption was at a wave length of 2,800 A, except in 
a few cases of the C protein, where it was at a wave length of 2,700 A, and minima 
were in all cases at a wave length of 2,500 A. It is apparent from table 3 that, 
whereas the maximum specific densities at a wave length of 2,800 A were nearly 
the same for all A or C proteins, there was considerable diffei-ence between the A 
and C proteins in the amount of specific density at their minima, i.c., at a wave 



Fig. 10. Spectral absorption curves of the A and C proteins, measured with a Beckman 
spectrophotometer in the ultraviolet region. The concentrations chosen were such as to 
give practically equivalent densities at a wave length of 2800 A, in order to show the relative 
difference in densities at 2500 A. 

length of 2,500 A. This is illustrated by one set of curves given in figure 10. 
This difference caused a large difference in the ratios of density at 2,800 A/ 
2,500 A for the A and C proteins, and means that there is something in the C pro- 
teins which has about tvace as great an absorption capacity at a wave length of 
2,500 A as in the A proteins. The presence in the C proteins of a substance such 
as nucleic acid, with its maximum absorption at a wave length of 2,600 A could be 
responsible for this effect, as well as for causing the maximum to shift from a 
wave length of 2,800 A to 2,700 A. Such a nucleoprotein would also have a 
higher electrophoretic mobility, similar to that found for the C proteins. 

Tuberculin Potency of the Proteins and Polysaccharides 

The tuberculin potencies of the isolated proteins, given in equivalent dosages 
m 0.1 ml. based on the nitrogen contents, were compared in tuberculous guinea 
pigs and in tuberculin-positive human beings. The size of sldn reaction elicited 
by the proteins was compared with that caused by an equal dosage, based on the 
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nitrogen content., of the PPD-S, whicli is the tuberculin adopted as standard in 
the United States (3). In some cases only one product was compared on the 
same guinea pig with the standard, and in other eases three or more proteins were 
simultaneously injected ndth the standard. The results are given in table 4. All 
reactions were read twenty-four hours following the tests and these reactions were 
recorded in the top lines in the table. Readings were also made at forty-eight 
hours and those reactions recorded in the lower lines. 

The results of the multiple test procedure showed that the A proteins always 
caused larger reactions than did the C proteins, while usuall.v the B proteins gave 
reactions of intermediate size. When the A and C proteins alone were compared 
w'ith each other, the A was again the more potent. 

^Yllen tested in sensitive human beings in a dosage of 0.00002 mg., the A -{- B 
proteins ivere more potent than the PPD-S, and the C proteins less potent. 
However, when tested in less sensitive indiidduals in a dosage of 0.005 mg., the 
A -{- B proteins were more potent than the PPD-S and the reactions to the C 
proteins were as great or greater than with the PPD-S, in spite of the fact that 
some reactions were ei^en missed with it. These reactions have been reported in 
another paper (11). Tliis was interpreted to mean that the C protein was less 
specific and the A protein more specific than the w’hole mi.Kture of proteins exist- 
ing in PPD-S. 

Neither of the polysaccharides gave skin reactions in tuberculous animals or 
human beings. This w'as the conclusion reached by Watson (2, 12) with regard 
to polj’’saccharide I. In the present study it was found that polysaccharide II 
also elicited no reaction in tuberculous guinea pigs nor (even with 0.05 mg. dose) 
in sensitive human beings wiio gave definite tuberculin reactions with 0.00002 
mg. PPD-S. 


DISCUSSION 

The indication that the A protein might give more specific tuberculin reactions 
than the other proteins in tuberculin is sufficient reason for further endeavor to 
obtain this protein in liighly purified form. It has been shown in these studies 
t hat the A tj^ie of protein is the most potent in causing the tuberculin skin reac- 
tion and this confirmed the earlier finding (4) that that protein fraction in crude 
tuberculin wffiich migrated wdth the slowest mobility was the most potent one in 
both the sldn test and the lethal test in tuberculous guinea pigs. 

In view of the statement by Lind (13) that a more potent PPD could be made 
from smung than from old cultures, it was hoped that it might be possible to iso- 
late relatively more of the A type of protein from such cultures. This was not 
found to be the case, however, as shown in the yield of A protein isolated from 
tlie filtrate of lot No. 99 (see table 1), nor w^ere any of the isolated fractions rela- 
tively more potent than similar protein fractions obtained from older cultures. 
As a matter of fact, all components were isolated from this five-w’eek-old culture 
filtrate in relatively the same proportion as from older cultures of the same strain 
(DT), but in insignificant amounts. The only difference found w’as the notable 
presence of the component (D) wdiich migrated with a high velocit}’", suggestive 



TABLE 4 


Comparison of skin reactions in guinea pigs with different tuberculin proteins 


CONDITION or ; 
GUINEA PIGS 

NUil- 
BER OF 
GUINEA 
FIGS 
TESTED 

DOSAGE 

AVER.\CE DniENSIONS OF REACTIONS IN MUXIMETERS WITH 

PPD-S 

A (Lot 98) 

B (Lot 98) 

B (Purified) 
(Lot 9S) 

C (Lot 93) 



mg. 






Normal 

2 

0.005 

0 

0 

0 

0 

0 




0 

0 

0 

0 

0 

BCG 

3 

0.005 

IS X 22 1 2.3 

27x38x3.3 

25 X 30 X 2.6 

26x 29 x3.0 

20x20x2.6 




19x22x3.0 

21x31x3.0 

22x22x3.0 

21x25x3.0 

20x21x3.0 

Normal 

2 

0.0005 

0 

0 

0 

0 

0 



1 

0 

0 

0 

0 

0 

Tuberculosis 

3 

0.0005 

18x21x2.7 

26x32x3.0 







16x10x2.7 

23 x 24 x 3.7 




TuberoiJosis 

4 

0.0005 

25x31x3.0 



29 x35x3.7 





21x19x2.7 



23 x 25 x 3.3 


Tuberculosis 

3 

0.0005 

18x23x2.7 




22x 23x3.0 




18x18x2.7 




20 x 22 x 3.3 

Tuberculosis 

2 

0.0005 

14 X 17 X 2.0 

20 I 22 X 3.0 


lSi20x 2.6 

11x13x1.3 




17 X 19x2.6 

23 X 24 X 3.7 


18x19x3.0 

13x13x2.0 

Tuberculosis 

3 

0.0005 


21x22x3.0 



15 X 15x2.3 





22 X 23 X 3.7 



15x17x2.3 




PPD-S 

A (Lot 99) 

B (Lot 99) 


C (Lot 99) 

Normal 

2 

0.0005 

0 

0 

0 


0 




0 

0 

0 


0 

Tuberculosis 

3 

0.0005 

14x18x2.3 

21 X 24 X 3 







14x10x2.0 

19x24x3 




Tuberculosis 

3 

0.0005 

18x20x3.0 


17 X 21 X 3.0 






19x19x3.0 


15 X IS X 3.0 



Tuberculosis 

3 

0.0005 

21 X 24 I 3.0 




22x 26x3.0 




17 X 17x3.0 




15 X 18x2.7 

Tuberculosis 

2 

0.0005 

21x23x3.0 

22 X 25 1 3.0 

20i 21 x3.0 


18 I 19x2.5 




20x18x3.0 

21x22x3.0 

19x19x3.0 


17 X IS X 2.0 




PPD-S 

A (Lot 97) 

B (Lot 97) 



Normals 

o 

0.00025 

0 

0 

0 






0 

0 

0 



Tuberculosis 

4 

0.00025 

17x17x2.5 

19 X 20x3.3 

22 x 23 x 3.3 






10x17x2.5 

16x20x2.8 

20 x 22 x 3.3 






PPD-S 

A (Lot 96.4) 

B (Lot 96A) 


C (Lot 95A; 

Normals 

2 

0.00025 

0 1 

0 

0 


0 




0 

0 

0 


0 

Tuberculosis 

4 

0.00025 

19x20x3.0 

21 1 23 X 3.2 

18x19x3.0 


17 X IS X 2.7 




17 I 17x3.0 

19x21x3.0 

15x16x2.5 


15i 17x2.5 




PPD-S 

A (Lot 96B) 

i 


C (Lot 951!) 

Normals 

•> 

0.00025 

0 

I ^ 



0 




0 

1 0 



0 

Tuberculosis 

4 

0.00025 

16 X 13x2.3 

! 20x22x3.3 


i 

15x21 x2.5 




14 X 15x2.3 

i 19x21x3.0 


) 

14x10x2.3 


99 
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mente una nucleoprotelna, se encontr6 en cantidad significativa en un cultivo 
de cinco semanas, pero no en los cultivos md,s vie] os de la misma cepa ni en otras 
cepas de bacilos tuberculoses. 


Acknowledgment 

The writer wishes to express her appreciation to Dr. J. W. Williams for discussions con- 
cermng methods of alcohol fractionation and to Mrs. Ellen Bevilacqua for the sedimentation 
and diffusion determinations made in Doctor Williams’s laboratory. 

REFERENCES 

(1) Seibert, F. B.; The chemistry of tuberculin, Chem. Rev., 1944, S4, 107. 

(2) Tennent, D. M., and Watson, D. W.: Molecular kinetic analyses and serological 

specificities of polysaccharides isolated from filtrates of the human tubercle 
bacillus and related species, J. Immunol., 1942, 45, 179. 

Watson, D. W.; The Biological and Physical Properties of Tuberculin Constit- 
. uents, Thesis, University of Wisconsin, 1941. 

(3) Seibert, F. B., and Glenn, J. T.; Tuberculin purified protein derivative: Prepara- 

tion and analvses of a large quantity for standard. Am Rev. Tuberc., 1941, 

U,Q. 

(4) Seibert, F. B., Pedersen, K. O., and Tiselius, A.: Alolecular weight, electrochemi- 

cal and biological properties of tuberculin protein and polysaccharide molecules, 
J. Exper, Med., 1938, 68, 413. 

(5) Bevilacqua, E. B., and McCarter, J. R.: The proteins in unheated culture filtrates 

of human tubercle bacilli; I. Fractionation and determination of physical- 
chemical properties, J. Exper. Med., 194S, 87, 229. 

(6) Beitlacqua, E. B.; The Separation and Characterization of Certain Tuberculin 

Components, Thesis, University of Wisconsin, Madison, 1944. 

(7) Seibert, F. B.: The chemical composition of the active principle of tuberculin: X. 

The isolation in crystalline form and identification of the active principle of 
tuberculin, Am. Rev. Tuberc., 1928, 17, 402. 

(8) Dische, Z.: Uber einige neue charakteristische Farbreaktionen der Thymonuklein- 

saure und eine Mikromethode zur Bestimmung derselben in tierischen Organen 
mit Helfe dieser Reaktionen, Alikrochemie, 1930, 8, 4. 

(9) Seibert, F. B., and Atno, J.: Determination of polysaccharide in serum, J. Biol. 

Chem., 1946, IffS, 511. 

(10) Seibert, F. B.; Removal of the impurities, nucleic acid and polysaccharide from 

tuberculin protein, J. Biol. Chem., 1940, ISS, 593. 

(11) Seibert, F. B., and Dufour, E.: A study of certain problems in the use of standard 

tuberculin: Fractionation of PPD, standardization of tuberculins, and the 
question of sensitization. Am. Rev. Tuberc., 1948, 58, 363. 

(12) McCarter, J., AND Watson, D.; The relationship of the antigenicity, physical- 

chemical properties and polysaccharide content of tuberculins to their intracu- 
taneous activit 3 % J. Immunol., 1942, 4S, 85. 

(13) Lind, P.; Renset Tuberkulin, Dets Fremstilling og Egenskaber. (Thesis, Danmarks 

farmaceutiske Hpjskole) Einar Munksgaards Forlad Kpbenhaven, 1945. 

(14) Heilman, D.H., AND Seibert, F. B.; The effect of purified fractions of tuberculin on 

tuberculin-sensitive tissue: Quantitative studies in tissue culture. Am. Rev. 
Tuberc., 1946, 53, 71. 



A COMPARISON OF THE IMMDNOGENICITY FOR GUINEA PIGS 
OF BCG CULTURED INTERMITTENTLY AND CONTINUOUSLY 
IN THE PRESENCE OF BILEi 

IRWIN S. NEMAN AND NELDA HOLI^IGREN 
INTRODUCTION 

In their ivell-laio\\Ti textbook, Topic}’’ and Wilson (1), after reviewing the 
tecimique of BCG cultivation, point out that the virulence of BCG is continually 
falling and that the possibility exists that under such circumstances its protective 
value might disappear in time. It is important to recall in this connection the 
method of cultivation of BCG prescribed by Calmette (2). Briefl 3 % it was 
recommended that BCG be cultured on a glycerinated potato slab in Roux 
tubes, the bottom portion of which contained 5 per cent glycerin at pH 7.0 to 7.2. 
At regular intervals the culture was returned to a similar tube containing a potato 
slab treated "with ox-bile gl 5 ’’cerin mixture and, in the bottom portion, 5 per cent 
glycerin in o.x-bile. Calmette believed that the reduction in the virulence of BCG 
resulted from cultivation in the presence of ox-bile. Griffith (3) was able to 
show that a pathogenic bovine strain of the tubercle bacillus did lose raulence 
under such conditions of cultivation. 

Holm (4), in discussing the use of BCG in Denmark, makes the statement 
that the culture kept at the State Serum Institute in Copenhagen is transferred 
only occasionally to a medium containing ox-bile and only then wlien it is appar- 
ent that BCG is “weakened in virulence.” jMoreover, lie states “. . . a new in- 
crease in virulence was obtained b}’’ several passages on bile potato.” It is 
difficult to understand this assertion in the light of Calmette’s original thesis 
and of Griffith’s (3) work. One would expect that the return to cultivation on 
bile-potato medium would act in a reverse fashion. 

In the BCG laboratory of the Municipal Tuberculosis Sanitarium of Chicago, 
in addition to the culture used for routine vaccination purposes, a strain of the 
organism has been maintained continually on ox-bile-gb'cerin-potato medium. 
It has been conscientiously transfen’ed at two week intervals from 1934 to the 
present. In order to determine whether this treatment resulted in a loss in 
immunogenic ability, an experiment was performed which is detailed below. 

ilATEBIALS AND METHODS 

The culture of BCG used in these e.xperiments h.'is been kept under rigorous control 
since its arrival in this country in 1934. It has been cultivated by the methods prescribed 
by Calmette (2) and transferred at two week intervals. Thousands of guinea pigs have 
been used to test its a’rirulence and at no time has any evidence been apparent that this 
strain can cause progressive tuberculosis in guinea pigs. Intraperitoneal inoculation of 
several milligrams of the organism into guinea pigs results in, at most, the appearance 
of tubercles in the omentum and occasional tubercles in the liver and spleen. These 
lesions are self-limiting and usually have disappeared Mthin one year. 

Two groups of tuberculin negative (1 : 10 Old Tuberculin), commercially obtained guinea 

> From the Department of Microbiology and Public Health, Chicago Medical School 
and the Municipal .Tuberculosis Sanitarium of . Chicago. 
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pigs were vaccinated by the multiple puncture method. On each guinea pig two areas 
on the back immediately lateral to the midline were shaved and cleansed. On each area 
a large drop of suspension of the culture was placed and through it 45 separate and discrete 
punctmes were made. One group, composed of 16 animals, was vaccinated with what is 
designated for the purpose of this report “regular” vaccine, i.e., a suspension of BCG 
prepared in the usual way for vaccinating human beings. The other group, composed of 
IS animals, was inoculated with a suspension prepared from the culture which has been 

TABLE 1 


TuberextUn rcaclions of guinea pigs vaccinated xvilh BCG 


"RECnlAS” VACCINE 

“bile” vacone 

GuincA Pig 
Number 

Date 

Vaednated 

Date 

tested 

Result* in mm. 

Result* in mm. 

D.itc 

tested 

Date 

vaednated 

Guinea 

Pig 

Numbers 

2420 

11-18-46 

l-S-47 

8X8*; 

6X6: 

l-S-47 

11-18-^6 

2402 

3449 

(( 

(< 

10 X lot 

8 X 10*; 

CC 

cc 

2428 

2426 

1C 

Cl 

12 X lot' 

10 X lot 

It 

cc 

3047 

2437 

c< 

tt 

12 X lot' 

8 X 12*; 


CC 

2416 

3353 

cr 

tt 

12X12*; 

12X12t' 


CC 

3027 

2494 

c< 

(C 

12 X 12t. 

12 X lot 

U 

CC 

3028 

32S1 

<< 

(C 

12 X 12t. 

12X14t' 


tt 

3041 

2470 

c< 

cc 

12 X 14t. 

12x14: 

cc 

tt 

2491 

2474 

(< 

tt 

10 X 12tt 

14 X 127 

cc 


3040 

2492 

tt 

tt 

14 X 14:* 

12 X io7 

cc 

tt 

2408 

3433 

(C 

<< 

14 X 12:: 

12 X 127 

cc 

cc 

3039 

3026 

tt 

cc 

14X14:: 

12X127 

cc 

tt 

2455 

3460 

« 


14 X 14::: 

14 X 147 

cc 

cc 

2403 

2443 

<< 

cc 

10 X Mt: 

18X14: 

cc 

cc 

2440 

3051 

(< 


14X16::* 

16 X 127 



3260 

3457 

tt 

cc 

IS X 14::: 

16 X 147 

cc 


2454 





20X147* 


cc 

2430 





16X207: 


cc 

2446 


* The results of the test were read at forty-eight hours and measured in 2 diameters in 
millimeters. The degree of redness is indicated by the upper -f sign and degree of edema 
by the lower. The latter takes into consideration the thickness of the edema. Tr. = 
trace. The reactions are arranged as closely as possible in increasing intensity by the 
National Tuberculosis Association standards. The l-f- reactions are on the first line, the 
2-1- reactions on the next twelve lines and the 3-}- reactions on the last five lines. 

kept continuously transferred in the ox-bile-glycerin-potato medium (the “bile” vaccine). 
Each vaccine was in a concentration of 15 mg. per cc. 

Seven weeks after immunization, each of the guinea pigs was tested for tuberculin 
sensitivity by an intradermal injection of a 1:10 dilution of Old Tuberculin. One week 
later all the animals were injected subcutaneously with a suspension of a virulent tubercle 
bacillus (H37). At the same time 34 normal tuberculin-negative guinea pigs, as controls, 
were injected with the same suspension and the same dosages of virulent tubercle bacilli. 
The viability of both the vaccine and Hjt was controlled by inoculation of Lowenstein’s 
mediiun at time of use. In each case viability was confirmed. 
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In order to determine the degree of protection, the animals were divided into 
three secondary groups. Each group was given a different dose of the challenge 
tubercle bacillus (H37), i-e., 0.05 mg., 0.005 mg. and 0.0005 mg. In figure 1 are 
depicted the degree of tuberculosis and time to death of each of the various 
groups of guinea pigs. It is interesting to note that the three graded doses made 
remarkablj’' little difference in the average time to death of the controls. 
Detailed examination of the figure makes it obvious that BCG, whether cultured 
intermittently or eontinuously on bile, confers a measurable degree of protection. 
This is further emphasized by the fact that 12 out of 16, or 75 per cent, of the 
animals vaccinated with either type of vaccine that finally died of generalized 
tuberculosis did so after 100 days. In the control group, only 3 out of 25, or 
12 per cent, of the animals died more than 100 days after inoculation with H37. 
In addition, there were 4 vaccinated guinea pigs that died of intercurrent infec- 
tion 146 to 179 days after inoculation with virulent tubercle bacilli and showed 
little evidence of tuberculosis at autopsy. 

By the same method of comparison it may be seen that 6 out of 8, or 75 per 
cent, of the animals imm unized with the “regular” vaccine that finally died of 
generalized tuberculosis did so after 100 days. Exactly the same figures hold 
for the group vaccinated with the “bile” vaccine. Under the conditions of this 
experiment, there seems to be no significant difference between the immunogenic 
abihty of the two types of vaccine. 


SUMMARY 

An experiment is described designed to determine whether the immunogenic 
ability of BCG, which is ordmarily cultured intermittently in the presence of 
ox-bile, is changed by continuous association with ox-bile. The results suggest 
that the possible loss of potency that could theoretically accrue to the vaccine 
because of exposure to bile has not yet made its appearance although BCG 
has been in contmual cultivation on an artificial medium for thirty-nine years. 

SUMARIO 

Comparacidn de la Inmunogenicididad para el Cobayo del BCG Culiivado 
Intermitente y Contimiamente en Presenda de Bilis 
El experimento descrito se proponla determinar si la continua asociacidn con 
bihs de buey hace variar la capacidad inmxmdgena de BCG, que se suele cultivar 

intermitentemente en presencia de dicha bilis. El resultado denota que todavfa 
no ha aparecido la p6rdida de potencia que podria tedricamente aparecer en la 
vacuna debido a la exposicidn a la bilis, aunque BCG ha estado en cultivo 
continue en medio artificial durante 39 anos. 

Note. Since the above article was submitted for publication, there has appeared the 
report of F. van Deinse (Am. Rev. Tuberc., 1948, 68, 571) which confirms the experimental 
results reported here. 
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Ulccralwg Tvbcrailous lesions of j\fttcoxts Alcmhrancs 

Ulcerating legions of mucous membranes usually respond well to streptomycin therapy. 
Included in this group arc h\r>mgcal, tmchcnl, bronchial, oropharj'ngcal, and enteral 
ulcerations, and tuberculous otitis media, and streptomycin is recommended for these 
conditions. 

Streptomycin is most efTcctivo in tuberculous lesions of the lar}!!^ and tracheobronchial 
tree which arc ulcemting; somewhat lc.s,s so but still eiToctivo in lesions which are granu- 
lom.atous; and still less effective in diffuse infl-ammatorj' lesions. It appears to be ineffec- 
tive in purely cicatricial lesions. Other routes of ndminhstration, topical, aerosol, oral, 
arc not sufficiently cficctivc to bo recommended as alternatives to parenteral adminis- 
tration. 

lYith parcnter.il administration healing of ulcerative lesions is jirompt. Streptomycin 
thempy may safely be discontinued soon after healing by ciiithclialization has been ob- 
served to occur (restitution of nonnal mucosal p.altem roentgenologically in the case of 
tuberculous enteritis). In cases with an ultimatclj' poor prognosis bccau.se of associated 
e.\tcnsive pulmonarj* tuberculosis, streptomycin may be used for short and intermittent 
periods of time for its palliative clinicjil eiTccts in treatment of clinical complications. 

Tuhcrculous Sinuses and Fishdac 

Streptomycin is recommended in the treatment of draining tuberculous sinuses and 
fistulac and appears to be highly effective in clo-Mog the infected tracts, at least temporar- 
ily, in a majority of cases, rcgardlass of the underlying tuberculous disease. 

For more pennanent results in most instances, however, streptomycin is merely an 
exccllcut adjunct to suitable surgciy, superior rc.sults being obtained only with this com- 
bined treatment. Such surgical measures will include wide excision or incision and drain- 
age, depending on the location and nature of the underlying tuberculous pathology and 
are best instituted prior to, or at the time of, institution of streptomycin therapy. 

Genito-urinan/ Trad 

Streptomycin is recommended in the treatment of tuberculosis of the genito-urinarj' 
tract. As a rule this will be in conjunction with other indicated therapy, especially sur- 
gery. Symptomatic relief and increase in bladder capacity are common, and the urine 
is sterilized in manj’, although only temporarily in some. Results are compromised by 
the fact that most clinically detected cases of renal tuberculosis are far advanced nith 
caseation, and streptomycin is least effective in these cases. 

Tuberculosis of Bone, Joint and Cartilage 

Streptomycin is advised in the treatment of tuberculosis of bone, joint and cartilage, 
particularly in conjunction with other accepted forms of therapy. Because the effect of 
streptomycin therapj' may be long delayed in becoming apparent, it is important to 
exercise discriminating judgment in the timing of the use of the drug as an adjunct to other 
procedures. 


Tuberadous Meningitis 

Intensive therapy with streptomycin, administered both parenterally and intrathecally, 
is imperative for the treatment of tuberculous meningitis. Intramuscular therapy 
should be continued for from four to sLx months. As indicated below, the recommended 
dosage for intramuscular administration is two grams a day. It is recommended that 
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Slrcptomycin and Surgical Procedures 

Streptomycin apiicnrs to be beneficial when employed propbylnctically for short periods 
of time in nssociat ion with certain surgical procedures. Tliis is particularly true for single- 
stage operations, where prolonged administration of streptomycin is not required. Em- 
ployed for short periods before and after operation, streptomycin has markedly decreased 
the hazards of pulmonan* resection for tuberculosis by diminishing the incidence of early 
postoperative spreads. 

It is not considered advisable to employ streptomycin ns a routine prophylactic in 
multiple-stage operations for tuberculosis. 

Dosage and Duration of Strcptonigcin Therapy 

Much remains to be determined as to the optimal dosage and duration of streptomycin 
therapy. It is probable that no single streptomycin regimen is suitable for all types and 
forms of tuberculosis. With smaller daily doses of streptomycin, there is relatively little 
danger of toxicity; but the problem of the emergence of drug-resistant strains of organisms 
remains unsolved. 

One gram a d.ay may be sufficient for the majority of tuberculous lesions, witii the 
e.xccption of tuberculous meningitis and miliary tuberculosis, where more may be advis- 
able (sec above). There is some evidence that some regimens of two grams a day produce 
better therapeutic results. The higher incidence of toxic manifestations on the regimens 
using the larger dosages must be balanced against their possiblj' greater efficacy. 

Frequcnc}- of administration need not be greater than cvcrj' twelve hours. It is ad\dsed 
that streptomycin therapy be administered in courses of forty-two days (wliich may be 
repeated, if necessary) to reduce the incidence of emergence of drug-resistant organisms. 
This recommendation does not apply in the case of miliary tuberculosis and tuberculous 
meningitis, where, .as noted above, it is recommended that treatment be continued for at 
least four months. 

In indhddual cases it may be necessary' to weigh the therapeutic advantages that might 
accrue from longer periods of treatment against the disadvantage of the emergence of 
drug-resistance. Until further studies have been concluded, it caimot be recommended 
that injections be made less frequently or that treatment be continued for shorter periods 
of time than here indicated. 

Toxic Mamfestations of Streptomycin Therapy 

Toxic manifestations are relatively infrequent on the dose recommended above, i.e., one 
gram a day. Nevertheless the following reactions do occur and whenever treatment with 
streptomycin is contemplated, the dangers of the untoward side reactions should be com- 
pared with the hazards of the tuberculous disease being treated: 

(a) A disturbance of vestibular function may be observed, especially following pro- 
longed treatment with larger doses. Partial or complete compensation is frequently 
noted, especially in younger persons, but the potentialities of this disorder must not be 
underestimated by the physician. It has not been determined if this disadvantage to 
streptomycin therapy can be overcome. 

(b) Deafness may be produced in very rare instances and only following larger doses 
or when streptomycin excretion is defective. Useful hearing is nearly always regained 
if treatment is suspended promptly when deafness is noted. Audiometric obseiwations 
are probably advisable at this time until the conditions under which deafness occurs are 
better defined. 
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(c) Serious renal damage produced by streptomycin appears to be observed rarely ex- 
cept when there is pre-existing renal disease. 

(d) Cutaneous rashes, apparently due to acquired hypersensitivity to streptomycin, 
are occasionally observed and sometimes indicate that treatment should be suspended 
temporarily. It is usually possible to resume treatment later. Serious exfoliative 
dermatitis is observed rarely. 

Emergence to Predominance of Drug-resistant Tubercle Bacilli 

The disappearance of drug-sensitive strains of tubercle bacilli and their replacement 
ivith strains which are drug-resistant present a serious handicap to prolonged effective 
therapy with streptomycin. It is not yet known what conditions encourage the appear- 
ance of drug-resistant organisms, how to determine drug-resistance with absolute precision, 
or how permanent this change in bacterial flora may prove to be. There appears to be a 
fairly imifonn rate of appearance of such drug-resistance, related to the duration of treat- 
ment but independent of the daily dosage. The advantage of the forty-two day duration 
of therapy suggested is the probable avoidance of the emergence of drug-resistant strains 
in a larger percentage of cases. Retreatment is possible and feasible if the organisms 
remain drug-sensitive and the disease continues an unfavorable course or relapse occurs. 
Organisms should be tested for sensitivity before retreatment is undertaken, whenever 
practicable. 

Dihydroslrcptomycin 

The Committee has reviewed limited e.xperimental and clinical eridence concerning 
dihydrostreptomycin, a hydrogenated derivative of streptomycin. In most respects, the 
pharmacological properties of this compound, including absorption and e.\'cretion, are 
similar to those of the parent substance and in comparable doses dihydrostreptomycin 
and streptomycin apparently produce the same suppressive action on the tubercle bacillus, 
in vitro and in vivo. 

Tlie chief advantage of dihydrostreptomycin is that it is less toxic than streptomj'cin, 
especially in its action on the vestibular apparatus, wlien given in comparable doses for 
similar periods. 

Despite the lowered incidence of to.xicity, it should be pointed out that dihydrostrep- 
tomycin is not devoid of toxic potentialities. In addition to neuroto.xicity, abdominal 
discomfort, nausea, vomiting, and skin rashes have occurred in a few instances. Another 
possible advantage of this compound is that it appears to be well tolerated by some 
patients who have developed hypersensitivity reactions to streptomycin. These advan- 
tages seem promising and warrant extensive climeal trials. 

Some preparations of dihydrostreptomycin Invve produced local irritation at the site of 
injection; such preparations should not be used intrathecally. Unfortunately, strains of 
tubercle bacilli resistant to dilu^drostreptomycin emerge in the same manner as to strepto- 
mycin, and organisms resistant to one compound are equally resistant to the other. 
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Postgraduate Courses in Pulmonary Diseases 

The follomng postgraduate courses in puhnonaiy diseases are scheduled for the first 
half of 1949 by the American Trudeau Societ3’', Medical Section of the National Tubercu- 
losis Association. This program is conducted tmder the auspices of eight regional com- 
mittees, covering all states, and the pro-vdnces of Canada, in cooperation with the medical 
schools of leading imiversities. 

Applications may be obtained from the American Trudeau Society, 1790 Broadwaj', 
New York 19, New Y’ork. These courses are generallj^ oversubscribed and plij-sicians 
interested in applying are urged to request application forms as earlj' as possible. 

By special arrangement with the Department of Medicine and Surgery of the Veterans 
Administration, phj'sicians employed by that agency are incited to participate. The 
request for detail to these courses originates in the branch and regional offices of the 
Veterans Administration and duplicate applications are required. 

Phj'sicians applying under Public Law 346, (G I Bill) should so state when filing appli- 
cations with the Societj'. 

January 24-29, 1949 Region VII comprising the states of; Washington, Oregon, 
Los Angeles. California California, Idaho, and Nevada; and the provinces of Ailbcrta 

and British Columbia, Canada. This one week course will 
be held in cooperation with the College of Medical Evangelists, 
the University of Southern California School of Medicine, and 
the University of California at Los Angeles Medical School. 

Tuition — $50.00 

March 7-12, 1949 Region V comprising the states of: Ohio, Indiana, Michigan, 

Indianapolis, Indiana Illinois, Wisconsin, Missouri, Iowa and Minnesota; and the 

provinces of Maiutoba and Saskatchewan, Canada. This one 
week course will be held in cooperation with Indiana Universitj* 
School of Medicine. 

Tuition — $50.00 

March 13-2G, 1949 Region IV comprising the states of: Alabama, Arkans-os, 

New Orleans, Louisiana Louisiana, hDssippi, Oklahoma and Texas. This two week 

course will be hdd in cooperation with Tulane University 
of Louisiana School of Medicine and Louisiana State Univer- 
sity. 

Tuition — $100.00 

Region III comprising the stales of: Maryland, Virginia, 
West Virginia, Kcntuckj*, Tennessee, North Carolina, South 
Carolina, Georgia, Florida and the District of Columbia. 
This one week course will be held in cooperation with Emor^- 
University School of Medicine. 

Tuition — $50.00 

Region VI comprising the states of; Colorado, Nortli Dakota, 
South Dakota, Nebraska, Kansa.s, New Mexico, Arirona, Utah, 
Wj-oining and Montana. This two week coarse will be held in 
cooperation with the University of Colorado School of Medi- 
cine. 


July-August, 1949 
Denver, Colorado 


April 4-9, 1949 
Atlanta, Georgia 
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Tuition — $103.09 
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Spring or Region VIII is planning a course at Saranac Lake, N. Y., 

Summer, 1949 chiefly for physicians from Northern New York and the Cana- 

dian Province of Quebec. This will be held in cooperation 
with medical schools of the area and The Trudeau Sanatorium. 
The dates have not yet been announced but information will 
be sent to those requesting it when available. 

Special attention is directed to the folioning course for general practitioners which is 
being given in cooperation with The St. Louis University School of Medicine, Januarj' 17, 
18, 19, 1949. Applications for tliis course should be obtained from the E.xecutive Secre- 
tary of the Missouri Trudeau Society, 411 North 10th Street, Room 505, St. Louis 1, 
Missouri. 

This is the second course for general practitioners included in the American Trudeau 
Society’s program of postgraduate opportunities. There follows a summary of some of the 
subjects to be presented by leaders in the field of pulmonarj' disease: 

Symptomatology in Chronic Pulmonarj-^ Disease — Practical evaluation of cough, pain, 
hemoptysis and dyspnea. Julius L. Wilson, M.D., Professor of Clinical Medicine, 
Tulane University School of Medicine; Head of Section on Chest Diseases, Ochsner 
Clinic, New Orleans, La. 

Physical Examination of the Chest— its limitations. Paul Murphy, M.D., Assistant 
Professor of Clinical Medicine, St. Louis University School of Medicine, St. Louis, Mo. 
Chest Films — how to obtain satisfactory ones. Don C. Weir, M.D., Senior Instructor in 
Radiology, St. Louis University School of Medicine, St. Louis, Mo. 

Skin Tests — their importance in the diagnosis of lung diseases. Herbert L. Mantz, M.D., 
Tuberculosis Controller, Kansas City, Mo., Consultant in Tuberculosis, Veterans Ad- 
ministration. 

The Five Cardinal Points in the Diagnosis of Clinical Pulmonary Tuberculosis. George 
D. Kettelkamp, M.D., Medical Director, Robert Koch Hospital; Assistant Professor of 
Clinical Medicine, Washington University School of Medicine, St. Louis, Mo. 

Basic Concepts and Objectives in the Treatment of Pulmonary Tuberculosis. Carl 
Muschenheim, M.D., Associate Professor of Clinical Medicine, Cornell University Med- 
ical College, New York, N. Y. (Dr. Muschenheim also will speak on "Streptomycin in 
the Treatment of Tuberculosis.”) 

Among other subjects to be presented are: extra pulmonary tuberculosis, special prob- 
lems in the management of tuberculosis such as pregnancy, diabetes, syphilis, surgical 
operations; tuberculous pleurisy with effusion, its management from the standpoint of 
avoiding subsequent phthisis; public health aspects of pulmonary tuberculosis, mass 
X-ray surgery, tuberculin testing, general hygiene; the pneumonias, practical points in 
the diagnosis and management; bronchiectasis; empyema thoracis; bronchogenic carci- 
noma; mediastinal tumors; mycotic diseases of the lung; the pneumoconioses; use of 
oxj’gen therapy, and rare diseases of the lung. 
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streptomycin for Tuberculous Meningitis. — 
Clinical trials of streptomycin in the treat- 
ment of tuberculous meningitis in Great 
Britain" were conducted under the super- 
vision of a committee of the Medical Research 
Council. The results in 105 cases are re- 
ported. Of these, 71 have died, 33 are 
making good progress and one is deteriorating 
after seven or more months of treatment and 
observation. The prognosis in children under 
3 years of age was much worse than in older 
children. The prognosis was better in the 
early stages of the disease than in the later. 
The results in patients who received only 
intramuscular streptomycin were much poorer 
than in those receiving the drug both intra- 
muscularly and intrathecally. Nevertheless, 
it was felt that daily intrathecal treatment 
sustained over a long period ceases to be 
beneficial and probably is harmful. It was 
felt also that periods of complete rest from 
streptomycin treatment are beneficial. The 
streptomycin levels in the cerebrospinal fluid 
were found to be lower in patients who were 
recovering than in those who were deterior- 
ating. Among the fatal cases 4 types were 
noted; (f) no response to treatment, (S) 
slow progressive deterioration with no period 
of improvement, (S) progressive deterioration 
after a short initial period of improvement or 
no change, and (4) relapse after a long period 
of improvement. In all but the first group, 
life was prolonged far beyond the normally 
expected period. As a result of the longer 
period of survival, spinal block and hydro- 
cephalus were found in greater frequency than 
heretofore. In patients who ultimately fared 


badly, tubercle bacilli were isolated from the 
cerebrospinal fluid much more frequently 
during the first three weeks in patients who 
did poorly than in those who made good 
progress. Strains isolated from 22 patients 
treated up to 136 days were found resistant 
to streptomycin in only 3 cases. — Strepto- 
mycin Treatment of Tuberculous Meningitis, 
Medical Research Council, Lancet, April 
17, 1948, 1: 582.— {A. G. Cohen) 

Streptomycin for Tuberculous Meningitis. 
— total of 18 cases of tuberculous meningitis 
were treated with streptomycin. Of these, 
7 died and 11 survived; 4 of the latter are still 
under treatment. In most cases, the drug was 
administered both intramuscularly and in- 
trathecally for at least six weeks and there- 
after intramuscularly alone for the next four 
to six months. The average intramuscular 
dose was 2 Gm. daily for adults and 0.02 
Gm. per lb. of body weight for infants, at 
first by divided doses and then by a single 
daily dose. After about four months, if the 
patient was doing well, a single injection of 2 
Gm. was given every two days. The dailj’’ 
intrathecal dose was 0.1 Gm. for adults and 
0.05 to 0.07 Gm. for infants, given as a single 
injection. When very strict antiseptic pre- 
cautions were used, very few side effects 
were seen, e.xcept involvement of the eighth 
cranial nerve and gastric upsets. In the fatal 
cases, necropsy revealed extensive exudative 
changes in the meninges. These resulted in 
hydrocephalus, symptoms of cerebral anoxia 
or infection, and manifestations of hypo- 
thalamic disturbance. The diagnosis of ad- 
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vanced cases was relatively simple; it was is recommended.— r«6crcwZo!« Meningitis 
easy to find acid-fast bacilli on smears and to Treated With Sircpto7}vjci}h 0. S. Nait, Jr. 
confirm their pathogenicity by culture. In «£• F. J. Wender, J. PediaL, April, 32: 

early cases, the diagnosis sometimes could not 41O. (IF. H. Oatwav Jr.) 


be proved immediately and treatment was 
begun in some cases before the organisms 
were identified. In all but 2 cases, frontal 
burr holes were made to pro-vnde access to the 
anterior horns of the lateral ventricles. If 
7 to 10 ml. of fluid were obtained from each 
side, the diagnosis of brain abscess could be 
excluded and treatment begun earlier. Some- 
times the organism was found more readily 
in the ventricular specimen than in the 
lumbar. Direct access to the ventricles for 
administration of streptomycin was thus 
provided. The object of treatment was to 
obtain as soon as possible a high level of 
streptomycin in the cerebrospinal fluid and to 
maintain this level. In the 7 survivors who 
have stopped treatment, neurological re- 
covery is complete except for the eighth 
nerve. — Treatment of Tuberculous Meningitis 
with Streptomycin, H. V. Smith, R. L. 
Vollum and H. Cairns, Lancet, April S4, 
1948, J: 627— {.A. G. Cohen) 

Streptomycin for Tuberculous Meningitis. — 
About 75 cases of spontaneous recovery from 
tuberculous meningitis have been reported in 
the literature. No case has ever recovered, 
however, in the past thirty-two years at the 
Boston City Hospital; the deaths have totalled 
178. A 7-year-old boy has been treated udth 
streptomycin and is clinically cured after one 
year. He received a total of 70,458,332 
units intramuscularly and 2,675,000 in- 
trathecally over a period of 141 days. He 
has several residual paral 3 ^es. Two other 
patients died after brief treatment; a third 
infant recovered clinicall}^ was sent home 
with serious cerebral damage, and died tliirteen 
months after the start of therapy; a fourth 
child, apparentlj’' completelj’’ well, died sud- 
denlj' nine months after she was first seen, and 
a cerebral thrombosis and infarction (pro- 
duced by the growth 01 a tuberculoma) were 
found, as well as miliary tubercles containing 
acid-fast bacilli. Early and intensive therapy 


p-Aminosallcylic Acid for Tuberculosis. — 
Five patients with pulmonary’’ tuberculosis 
were treated with p-Aminosalicjdic Acid for 
sixty daj's and one patient for four weeks. 
A total of 12 Gm. dail 3 ’’ was admmistered in 
dmded doses ever 3 ’- three hours. Within a 
few da 3 ’s there was great improvement in the 
patient’s general condition. There was a 
decline in fever and a decrease in the number 
of organisms. A blood level of 2 to 5 mg. 
per cent was reached with the stated dose. 
There w'ere no toxic reactions. The author 
believes that the dosage and length of treat- 
ment were insufficient but that the drug is of 
value in exudative and toxic forms of tuber- 
culosis. — Pulmonary Tuberculosis Treated 

with p-Aminosalicylic Acid. A. Erdci, Lancet, 
May 22, 1948, 2: 791.— [A. G. Cohen) 

Whooping-cough and Tuberculosis. — In the 
ten years before August 1947, 1,747 patients 
were admitted to the Cleveland Cit 3 f Hospital 
with pertussis. All such patients routinely 
are tuberculin skin-tested, since the pulmonar 3 ' 
symptoms of tuberculosis ma 3 ' be the same as 
those of pertussis and the findings b 3 ’’ X-rn 3 ' 
may be similar for several infections. In 38 
patients the chest X-ray showed suspicious 
evidence of tuberculosis; in 23 patients the 
tuberculin test was positive; 19 actual^' had 
cither primar 3 ', active, or arrested tuber- 
culosis. Except in one case there was no 
evidence that tuberculosis was activated by 
pertussis. All patients ill with whooping- 
cough should have a tuberculin skin test to 
aid differential diagnosis. — Does Pertussis 
Activate Tuberculosis?, J. A. Toomey, J. C. 
Bemo, & H. Agustsson, J. Pediat., March, 
194s, 32: 260.— {W. H. Oatway, Jr.) 

Coexisting Coccidioidomycosis and Tuber- 
culosis. — Only 3 such cases arc recorded in the 
literature. There have been recent verbal 
reports of several more. The authors report 
a case of c.avitation due to coccidioido- 
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mycosis. After fifteen months, the patient 
developed cavitary tuberculosis in the op- 
posite lung . — Coexisting Pulmonary Coccidio- 
idomycosis and Tuberculosis, R. S. Study 
& P. Morgansteni, New England J. Med., 
June 10, 194 s, 238: SS7.—{A. G. Cohen) 

Serous Tuberculosis in African Negroes. — 
Among native African troops between the 
ages of IS and 30, 169 cases of serous pleuritis 
were seen. These are divided as follows: 
primarj'' glandular tuberculosis with effusion, 
16, primary unilateral effusion, 125, and 
tuberculous polj'serositis, 28 cases. The 
16 cases of primary glandular tuberculosis 
with effusion are part of a group of 36 cases of 
primary glandular tuberculosis. The patients 
gave a history of fever, cough and slight 
expectoration for several weeks. Some 
showed no local signs or symptoms and were 
first regarded as cases of unexplained fever. 
Others showed signs of local consolidation 
and were first regarded as pneumonia. X- 
rays showed, besides the effusion, enlarged 
nodes and occasionally hilar fiare or definite 
lobar or segmental collapse. Sputum and 
gastric studies were negative for tubercle 
bacilli. Hie effusion appeared at the onset 
in 7; in the other 9 it appeared after three to 
four montlis. The course in all patients was 
benign; there were no deaths. The tempera- 
ture gradually fell and the fluid absorbed but 
the glandular enlargement persisted. The 
second group consists of 125 cases of primary 
pleural effusion nith no deatlis. The onset 
in some was subacute with chest pain, fever 
and dry cough. In others, the onset was 
insidious with general malaise and minimal 
local symptoms. In others, there was an 
acute onset with high fever and severe 
pleuritic pain; these cases were diagnosed as 
pneumonia at first. In 12 per cent, there was 
enlargement of the supra-clavicular, less often 
the cervical, lymph nodes. In the few cases 
checked, cultures of the fluid were negative. 
The cells were predominantly lymphocytes. 
Tire sputa were negative. The white blood 
counts were normal. The subsequent course 
was characterized by a fall in temperature and 


gain in weight. There was a gradual fall in 
sedimentation rate; higher final figures were 
found in cases with the most residual pleural 
thickening. It was impossible to enforce 
bed-rest after the initial acute stage. In 
about one lialf of the cases the fluid was 
allowed to absorb without interference; in the 
other half, it was aspirated as indicated. The 
final results showed considerable pleural 
tliickening in 70 per cent; there was little 
difference between the 2 groups. Criteria 
for arrest were: (I) normal temperature for 
three weeks, {£) absorption of fluid, (S) 
significant weight gain, and (4) progressive 
fall in sedimentation rate. This required 
about four to five months. The third group 
consists of 28 cases of polyserositis. These 
are divided as follows: (1) presenting as 
primary glandular tuberculosis, with sub- 
sequent generalized miliary spread, 3 cases, 
all fatal; (2) primary serous tuberculosis, 
with subsequent consecutive effusions of the 
polyserositis type, 11 cases ndth one death; 
and (S) primary serous tuberculosis with 
subsequent polyserositis, 14 cases with one 
death. In these 28 cases, 20 presented as a 
unilateral pleural effusion; a contralateral 
effusion appeared mthin eighteen months in 
15. Pericardial effusion was found in 8 and 
abdominal glandular and serous tuberculosis 
in 10 cases. Anatomically, all the cases were 
characterized by marked tracheobronchial 
lymph node tuberculosis. The disease then 
progressed from one chain of glands to the 
other and may have been the cause of the 
pleural effusion. Unlike the case in Euro- 
peans, primary pleural effusion in African 
Negroes is linked with slow continuous or 
intermittent evolution of primary tuber- 
culosis. It appears in the post-primary stage 
within about six months and displays 3 
tendencies unusual in European adults: 
(I) it is an incident in a predominantly 
glandular syndrome; (2) it may develop into 
polyserositis; and (S) at any point, miliary 
dissemination may supervene . — Serous Tuber- 
culosis in East African Natives, S. R. Wood, 
Brit. J. Tuberc., April, 1948, 42: 38. — (A. 
G. Cohen) 
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Congenital Tuberculosis. — previous 

definition of congenital tuberculosis has been 
“tuberculosis in which the infection occurs 
before birth by way of the blood stream or b 3 ’’ 
aspiration of the amniotic fluid or contents of 
the birth canal.” The authors agree with the 
first portion, but believe that those cases which 
result from aspiration in the birth canal 
should be called “tuberculosis neonatorum.” 
Several reviews of the literature in recent 
years have “authenticated” 100 cases, more or 
less, and some believe that intra-uterine in- 
fection is quite rare. The authors report the 
case of a Negro infant, removed from its home 
within an hour after a normal birth, which 
died on the forty-fourth day of acute miliary 
tuberculosis, proved at necrops 3 ^ The mother 
died sixty seven days post partum of a 
“miliary tuberculosis,” diagnosed by X-ray 
of the chest. She also had a positive Was- 
sermann, a negative tuberculin skin test, and 
a foul vaginal discharge. — Congenital Tuber- 
culosis. A Review of the Disecwe With 
Report of a Case, E. A. Harris, G. C. Mc- 
Cullough, J. J. Stone, & W. M. Brock, J. 
Pediat., March, 194S, 32: 311.— {W. H. 
Oatway, Jr.) 

Extrapleural Pneumolysis with Lucite 
Plombage. — ^There has been a continuous 
search for the ideal substance to fill the ex- 
trapleural space in plombage. Certain ex- 
perimental work suggested that methyl 
methacrylate, knoum commercial^ as lucite, 
was well suited for this purpose. Balls of 
this substance were used in operations on 30 
cases. The lesions were of the same type as 
those for which thoracoplasty would or- 
dinarily be performed except that those with 
large tliin-walled cavities were not taken. 
Lesions dovui to the third anterior rib were 
considered operable. Advanced age and 
bilaterality were not considered contrain- 
dications. All were pneumothorax failures. 
An average of 20 to 35 lucite balls were used in 
each operation. The postoperative course 
generally was uneventful. All patients de- 
veloped fluid in the extrapleural space. Tlie 
febrile reaction was mild. Subcutaneous 


emph 5 ^ema was infrequent. The pleura was 
torn in 3 cases but with no serious outcome. 
Most patients had some pain. The ad- 
vantages of the operation are lack of de- 
formity, absence of paradoxical motion and 
less loss of pulmon.ary^ f unction. An economic 
advantage is the fact that it is performed in 
one stage. It is a more difficult operation 
than thoracoplasty. The ultimate fate of the 
lucite is unknown. — Extrapleural Pneumo- 
nolysis with Lucite Plomage, J. B. Grow tfc 
R. E. Dwork, Brit. J. Tubcrc., April, 194S, 
42: 24. — (A. G. Cohen) 

Extrapleural Pneumonolysls. — Lateral 
thoracid branches of the internal mammary 
artery occur in approximately 50 per cent of 
individuals. These vessels course over the 
inner aspect of the upper and anterolateral 
area of the chest wall. Thej’’ may be damaged 
when giving refills after an e.xtrapleurnl 
pneumonolysis, resulting in serious hemor- 
rhage into the extrapleural space. Moderate 
or massive hemorrhage occurs in 5 to 20 
per cent of cases and maj^ result in collapse of 
the patient or, more remotely, delajmd in- 
fection or gradual obliteration of the space. 
When discovered at operation, the vessels 
should be ligated or coagulated wdth diathermy 
and, in addition, refills should at first be given 
from the back. — Hemorrhage after Extra- 
pleural Pneumorwlysis, TF. P. Cleland, Thorax, 
June, 194s, 3; 127. — (A. G. Cohen) 

Bilateral Collapse Therapy. — In a group 
of thoracoplasty cases, 11.2 per cent received 
contralateral pneumothorax. These were di- 
vided into 3 groups according to the post- 
operative results. Group A, comprising those 
with negative sputum, totaled 14 cases or 
48.25 per cent. In all cases the lesions were 
arrested or quiescent. In group B, with 
positive sputum, there were 10 cases or 34.5 
per cent. The lesions were stationar}' or 
improving in 5 and extending in 5. Group C 
contained 5 cases or 17.25 per cent; these were 
all dead. The initial prognosis in these cases, 
requiring thoracoplasty in the presence of an 
active contralateral lesion, is bad. The 
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pneumotliorax must be mauagcd with the 
greatest care. A marginal pneumothorax 
should be maintained and an attempt ehould 
be made to keep the lung at a constant 
distance from the chest wall. Thr 
relapses and 2 of the 5 deatlis resulted directly 
from premature abandonment of the pneu- 
mothorax. The optimum time for such 
abandonment is dcbaUible. The author be- 
lieves it should be maintained as 
po«ible.— Bifotcrnf Aciivc Pulmonary Tuber- 
culosis Treated wiih Arlificial Pneumothorax 
and Thoracoplasty, G. P. Maher-I^ughann 
Tubercle, May, 194S, 29: 101. -{A. G. Cohen) 


Recurrent and Chronic Spontaneous Pneu- 
mothorax.-Seventy-one cases of recurrent 
and chronic spontaeous pneumothorax arc 
reported. A case is considered chrome if the 
collapse lasts longer than three montlis. 
There were 4G such cases vdth an average 
duration of fifteen months. Of these, 29 
were entirely chronic while in 17 chronicitj 
supen'ened upon recurrent attacks. 
were 25 purely recurrent cases; when combined 
with the 17 complicated by chronicity, they 
make a total of 42 recurrent cases. The 
average number of attacks was 4; the greatest 
number was 15. Chronic pneumothorax 
leads to invalidism and disability. In re- 
current pneumothorax, the patient is doomed 
to a life of inactmty. It is believed that 
chronic and recurrent pneumothorax are 
manifestations of one aspect of the natural 
history of many lung diseases. The number 
of males greatly exceeded females. All 
decades of life were represented. There was 
a higher incidence in older decades than in 
pneumothorax simplex. Clinicallj', there was 
a greater coincidence of chronic bronchitis and 
emphysema. The condition often was noted 
accidentally. In chronic pneumothorax the 
loss of weight was striking. Plain radiographs 
may show nothing more than the pneumo- 
thorax. The first consideration is to decide 
whether it is actually a pneumothorax or 
rather a giant cyst or bulla. Diagnostic 
puncture is dangerous as it may lead to a 
severe pneumothorax; it should be done only 


when one is prepared to proceed with thora- 
cotomy. The plain film should be mspected 
for evidence of cysts or bullae. These are 
easier to detect by tomography. Bron- 
chograms occasionally are desirable; they 
nmy disclose unsuspected or asymptomatic 
bronchiectasis and may also help m differ- 
entiating between pneumothorax and cyst 

Bronchoscopy occasionally is helpful. Pleum 
pressure readings which quickly revert to the 
original after aspiration are diagnostic of a 

bronchopleural fistula, determination of the 

carbon dioxide, oxygen and mtrogen content 
of the pleural air also may help to determm 
the prSence of a fistula. The most valuable 
diagnostic procedure is tlioracoscopy. ihe 

follfwing types of ^uEs 

found; generalized emphysema m 12, “uUous 
emphj-sLa in 13. asthma and bronchitis vath 
emph>*sema in 8, large solitary bullae or cystic 
disease in 11, diffuse polycystic disease in 
3, small bullae, mostly apical, in 15, apical 
scars in G, leak or tear seen m 4, areas of 
“cuckoo-spit” in 4, various, such as tooth 
extraction, staphylococcus abscess, ^raiMge 
of empyema and tuberculous pleurisy each i 
one and no cause in 6. “Cuckoo-spit is 
a name given to a condition m which there is 
L oone of air bubbles from an apparently 
normal lung surface. Thus, the caus^ of 
spontaneous pneumothorax may 
defect in either the pleura, subpleura, alveoli 
or bronchi. Large cysts or bullae ^re tr^ted 
surgicallv by excision or lobectomj^ In other 
casSrpleu'odesis is effected. The author 
prefers to use silver nitrate. ^ 

a 20 per cent solution are first applied directly 
?„ the toe Burtaoe »t the toe of hota- 
coscopv. Later, 5 to 10 mmims_ of a 10 per 
cent solution are injected. This r^ults m 
fever and effusion. There must then be 
iudicious aspiration of air and fluid. Be- 
cutent and Chronic Spontaneous Pneu- 
mothorax, R. C. Brock, Thorax, June, 1948, 
3: 88.— {A. G. Cohen) 


Welder’s Slderosis.-In 1936, shadows 

were discovered in the chest X-rays of electrm- 

arc welders. These men were apparently m 
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good health. It was believed that the 
shadows probably were due to deposition of 
iron oxide. Fibrosis does not result from this. 
Since then, many electric-arc, carbon-arc 
and oxyacetylene weldera have been examined 
and similar shadow’s were found in each group. 
In 1945, 15 of the original subjects were re- 
examined; all but 2 had continued at the same 
occupation. Of 7 whose X-rays had shown no 
abnormalities, one was suspicious and one 
showed definite changes. In 2 with sus- 
picious shadows, the changes had become 
definite. Of 6 with positive findings, 4 were 
still so, one appeared to be clearing and one 
was negative. Siderosis is one of the benign 
pneumoconioses m which dusts deposited in 
the lungs give characteristic X-ray changes 
but no disability. These changes are not 
necessarily permanent . — Clearing of X.-ray 
Shadows in Welder’s Siderosis, A. T. Doig 
& A. L McLaughlin Lancet, May S2, 194S, 
2: 789. — (.4. G. Cohen) 

Bronchiectasis. — ^In a military hospital, 211 
men and 3 women aged 18 to 49 showed 
symptoms and signs resembling chronic 
bronchitis. Bronchography was performed 
for all; 46 (21 per cent) showed bronchiec- 
tasis. There was a past history of pneumonia 
in 26; in 6 there had been 2 or more attacks 
and one patient had had 4 attacks. Pleurisy 
alone had been present in 3 cases. There 
was no evidence of tuberculosis although 
suptum examinations had been made for 
about half of the cases. Four patients had 
had measles and one had pertussis. The 
most frequent previous symptom was a winter 
cough. Currently, the patients suffered 
from productive cough and dyspnea. The 
cough was aggravated by changes of tempera- 
ture and by smoking. In most cases, it was 
severe enough to cause disability. The 
sputum was either white mucoid or thick 
yellow and gave no odor; about 2 to 3 ounces 
were produced in twenty four hours. Night 
sweats were present in 7 cases, loss of weight in 
2 and mild hemoptj'sis in 12. Examination 
showed diminished respiratory e.xcursions in 
all cases. Clubbing of the fingers was found 


in S cases. Impairment of percussion note, 
poor air entry and coarse rales were common. 
The signs and symptoms were the same in 
both the bronchitis and bronchiectasis group, 
but were more frequent in the latter. The 
bronchiectases as demonstrated by bron- 
chographj’’ were cylindrical in 31, varicose in 
3 and saccular in 12. Plain chest films showed 
increased markings which were sometimes 
crowded together. More rarely there were 
localized zones of increased translucencj'^ in 
the middle or outer part of the lower lobe. 
This sign, if found, is veiy reliable. Other 
changes described in the literature are not 
definitive and bronchography is essential for 
diagnosis. The bronchi in unresolved pneu- 
monia may first undergo reversible mechanical 
dilation which may later be rendered ir- 
reversible by infection. The reversible state 
lasts for several months . — Bronchieclasis 
Simulating Chronic Bronchitis, J. D. H. 
Wearing, Lancet, May 29, 1948, 1: 822 . — 
(A. G. Cohen) 

Liver Biopsy in Sarcoidosis. — Aspiration 
liver biopsies in 3 cases which presented 
clinical features suggesting a diagnosis of 
sarcoidosis showed typical noncaseating tuber- 
cles. In one case, serial sections were 
necessary. A typical lesion also was found in 
a liver biopsy from a patient presenting no 
other evidence of the disease . — Liver Biopsy 
in Sarcoidosis, J. G. Scadding & S. Shcrloch; 
Thorax, June, 1948, 3: 79. — (A. G. Cohen) 

Prophylaxis of U.R.I. — One hundred and 
forty-eight children, living in a metropolitan 
area and susceptible to various upper respira- 
tory infections, were given 50,000 units of 
buffered penicillin in tablet form before two 
meals a day for one year. The effect was 
determined by comparing the number of in- 
fections and the days of fever with those of the 
previous year and against those of 110 com- 
parable controls who received no penicillin. 
Cultures and blood levels were not determined. 
The controls showed no change in the in- 
cidence of infection or daj's of fever. The 
treated group showed a decrease in the 
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number of infections to 45.5 per cent of the 
pre-\aous year, and a decrease of febrile days 
to 25.3 per cent. This confirms the results of 
a previous test in which 25,000 units per day 
and influenza ^drus TOccine were used. Only 
three children showed any toxic reaction; 
there was no evidence of a resistant bacterial 
flora. — Prophylaxis of Upper Respiratory 
Infections in Children Treated with Oral 
Penicillin, J. H. Lapin, J. Pediat., February, 
1948, 32: 119. — (TF. E. Oatxoay, Jr.) 

Spontaneous Pneumothorax. — One hundred 
consecutive cases of spontaneous pneu- 
mothorax were studied. Of these, 64 were 
Icnown to have undeiijdng pulmonary disease. 
In 20 per cent, there was a history of imusual 
exertion prior to the episode. In 80 per cent, 
it occurred during ordinarj’' acthdt}'. Tuber- 
culosis was noted in 38 cases, emphysema in 
5, bronchiectasis in 5. Emp3’’ema, asthma, 
abscess, carcinoma, pneumonia and infarct 
each occurred in a few. The great majority 
of the patients were males; the average age 
was 27 years. In 3 patients, there were mul- 
tiple recurrences; one other subsequently de- 
veloped spontaneous mediastinal emphysema 
and another developed tuberculosis after 4 
recurrences. Aspiration of air was necessary 
in onlj’’ 3 cases; in the others bed-rest sufficed. 
In patients over 45 years of age, the ap- 
pearance of spontaneous pneumothorax should 
arouse suspicion of underlying carcinoma. — 
Spontaneous Pneumothorax, R. M. Myerson, 
Neiu England J. Med., April 1, 1948, 238: 
461.— (A. G. Cohen) 

Pneumonectomy. — One of the chief compli- 
cations of pneumonectomy is infection of the 
site previously occupied by the lung which has 
been removed (the gap) . Various methods of 
obliterating the gap, including thoracoplasty, 
have not been successful. In the case de- 
scribed, pneumoperitoneum was combined 
with Monaldi suction applied to the gap. 
The Alonaldi phase must await closure of the 
bronchial fistula. With this method, the gap 
was obliterated in a few months. — Closing 
the Pneumonectomy Gap, G. S. Eedy, Lancet, 
June IS, 1948, 1: 905.— (A. G. Cohen) 


Pulmonary Hydatid Disease. — The author 
reviews the treatment of 27 of his own cases 
of pulmonary hydatic cyst. The conservative 
type of operation is favored. If the lung is 
adherent to the chest wall and the cyst is not 
infected, the contents of the cyst are removed 
and the adventitia is drained. If the cyst is 
infected, the cyst space is drained following 
removal of the contents. If the lung is not 
adherent, then, in addition to the above, the 
adventitia is sutured to the chest wall and the 
pleural cavity is drained. Lobectomy may be 
necessary for (!) serious hemorrhage from the 
cyst space during a conservative operation; 
(S) residual bronchiectasis, if symptoms 
warrant it; (3) empty sac, if hemorrhage or 
infection warrant it; (4) an uncertain diag- 
nosis; and (5) giant cyst. In the author’s 
series, 23 patients were operated upon, with 
one death; 4 patients coughed up their 
cysts. — The Treatment of Pulmonary Hydatid 
Disease, M. P. Susman, Thorax, June, 1948, 
3: 71. — (A. G. Cohen) 

Aspiration of Timothy Grass. — ^Eight cases 
of aspiration of timothy grass heads were seen 
in patients ranging from 14 months to 14 
years of age. A definite history of aspiration 
was obtained in 5 patients; all had shown 
immediate symptoms which were sustained 
and progressive. The early symptoms, fever, 
cough and weight loss, led to a variety of 
diagnoses. The possibility of foreign body 
was suspected in only 2 cases. Among late 
symptoms, there was intermittent fever 
despite chemotherapy. Foul sputum was 
found in 6 cases, massive hemoptysis in 2, and 
weight loss in 3. Clubbing of the fingers was 
not prominent. The chest X-rays, when 
finally made, were diagnosed as pneumonitis, 
atelectasis, pneumonia or abscess. Bron- 
chiectasis was demonstrated by bronchog- 
raphy in 5 cases; in addition, multiple small 
abscesses were seen in one of these. Bron- 
choscopy was performed in 7 cases. The 
timothy head was recovered in 3 cases; it was 
not found in the other 4. In one case, com- 
plete recovery followed removal. The foreign 
body was retained from 2 to 36 months and 
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sjTnptoms appeared 4 to 36 months prior to 
lobectomy in the others. The right lower lobe 
was resected in 6 cases and the left lower lobe 
in one. The postoperative course was un- 
eventful in all but one case in which there was 
xmexplained fever for several weeks. The 
patients have been well for two months to four 
years. There W'ere no specific pathological 
changes due to timothy per se. Three basilar 
abscesses containing timothy were found. 
Of 4 cases of classical bronchiectasis, timothy 
heads were found in the ectatic bronchi in 2; 
the stem always pointed down and the 
barbules upwards. The most striking his- 
tological change was extensive connective 
tissue proliferation about the bronchi and 
vessels with extension along the pulmonary 
septa; this was most marked in the younger 
children. In the older cliildren, localized 
abscess formation was more prominent. — 
Bronchiectasis Follomng Aspiratwn of Timothy 
Grass, M. G. Carter & K. J. Welch, New 
England J. Med., June 10, 194S, 238: SS2. 
— {A. G. Cohen) 

Mediastinal Bronchiogenic Cysts. — The 
vast majority of mediastinal cysts are con- 
genital in origin. Those arising from the 
respiratory system are termed bronchiogenic; 
those from the digestive tract are called gastric 
or esophogeal cysts. There is no sharp line 
of distinction. The current discussion ex- 
cludes intrapulmonarj' cysts. The increasing 
use of chest X-rays has revealed more than 
the rare cases formerly seen, and it now can 
also be said that they are sometimes sjnnpto- 
matic. Symptoms usually begin in adult life, 
when the cyst has grown enough to produce 
pressure on adjacent structures. Eight cases 
arc reported in this series, the literature is 
reviewed, and collected cases are analyzed. 
Bronchiogenic cysts may be classed as para- 
tracheal, carinal, hilar, paraesophageal, or 
miscellaneous. In the absence of infection, 
sjTiiptoms depend on the size and location of 
the mass. Symptoms, differential diagnosis, 
occurrence, and treatment are discussed. Be- 
cause of the congenital origin, one must bear 
in mind the possible presence of other 


anomalies. In the several reports during the 
past few years, a summary of surgical results 
has been difficult, due to incomplete diag- 
nosis, incomplete excision, the use of aspira- 
tion, et cetera. A posterolateral transpleural 
approach is recommended and other surgical 
suggestions are given. Of the S patients re- 
ported, 7 had an uneventful recovery, while 
the eighth recovered after the effects of peri- 
cardial manipulation and a flare-up of hj'per- 
th 5 ’roidism had subsided. Surgical excision is 
usually recommended for the condition even 
though asymptomatic when first discovered. 
— Bronchiogenic Cysts of the Mediastinum, 
H. C. Maier, Ann. Surg., March, 194S, 127: 
476.— {W. H. Oatway, Jr.) 

Treatment of Empyema. — Twentj' patients 
with empyema were treated by aspiration of 
the pus and instillation of either penicillin 
alone or with other agents. Six cases were 
caused by pneumococci, 9 by streptococci, 
one by staphylococci, and the others by mis- 
cellaneous organisms. In S coses, the pus 
had a putrid odor. Cures were obtained in 
16, while 4 required surgical drainage. The 
average time of treatment was fourteen da 3 's, 
the number of aspirations 7.7 and the daily 
dose of penicillin 63,250 units. Systemic 
penicillin also was given. No chronic em- 
pyemas developed. Complete evacuation of 
the pleural fluid was done daily, followed bj' 
instillation of 100,000 units of penicillin plus 
1 Gm. of streptom 3 ’cin or 2 to 4 Gm. of a 
sulfonamide drug, depending upon the sensi- 
tivity of the bacteria. This was continued 
until the cultures were sterile, during which 
time the walls of the ca^^ty were kept apart. 
The space was then obliterated as quickl 3 " ns 
possible by' aspiration of liquid and gas every' 
other day, supplemented by' penicillin instilla- 
tion. Causes of failure were: (/) inability 
to evacuate the cavity' because of thick pus, 
(S) nonsuEceptible organism, (S) inability to 
maintain antibiotic fluid in the cavity' (large 
bronchopleural fistula), (4) multiple loculi and 
(5) recurrence. — The Treatment of Empyema 
With Topical and Systemic Pmicillin and 
Other Anlihaclcrial Agents, W. E. Bumdt, 
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G. P. Roscvioud, J. H. Hall & H. T. CaswcU, 
Sitrg., Gynecol. ObsicL, July, 194S, S7: 44. 
—{A. G. Cohen) 

' Caldfication in the Lungs. — re^^ew of the 
discoverj', distribution, .nnd occurrence of cal- 
cification in the lungs has been made, A 
series of 13 Chicago children is reported whose 
chest X-rays showed calcification and whose 
tuberculin skin tests were negative. They all 
appeared normal but S had chronic cough 
and frequent respiratoiy- infections. Bron- 
choscopj’’ showed a roughening of the mucosa 
in the main bronchi but bacteriologically nega- 
tive secretions. Twelve were skin-tested with 
histoplasmin, and 6 were immediately posi- 
tive. — Nonhiherculous Pulmonary Caldfiea- 
iion, A. D. Biggs <£ R. G. Rigby, J. Pediai., 
April, 194s, 32: S9S. — (TF. H, Oatway, Jr.) 

Anomalous Left Middle Lobe. — ^Accessorj’’ 
lohes of the lungs arc not unconamon, the 
azygos lobe being the most frequent. The 
retrocardiac lobe at the right base is demon- 
strated radiologically in 0.5 per cent to S 
per cent of chest X-raj's. The lingula of the 
left lung is the homologue of the right middle 
lobe and a fissure separating the upper from 
an anomalous middle lobe on the left has been 
described. Sante found this occurred in one 
of 5,000 autopsies. Chest X-raj’s of 3 pa- 
tients showed a fine line r unn ing from the left 
hilum toward the periphery at about the level 
of the posterior end of the eighth rib. The 
editor, incidentallj', mentions 2 additional 
cases of liis own that show this fine fissure 
on the left. — The Anomalous Middle Lobe of 
the Left Lung, G. L. Hardman, Brit. J. 
Radiol, February 194S, 21: 70.— {B. Hyde) 

Resistance Breathing. — ^When dogs anes- 
thetized with nembutal were made to breathe 
against an airway resistance of 20 cm. of water 
during either inspiration or expiration, sig- 
nificant degrees of pulmonary edema, con- 
gestion, and hemorrhage were observed upon 
sacrifice at six to eight hours or at the time of 
spontaneous death. Bilateral ceiwical vagot- 
omy did not increase the tendency to lung 


edema under these circumstances. Pulmo- 
nary lesions after resistance breathing appear 
to depend upon multiple factors and cannot at 
present be accounted for in terms of simple 
direct effects of pressure upon the pulmonary 
tissues and vascular bed. An analysis of 
actual mechanisms awaits acquisition of addi- 
tional factual data. — Observations on the Effects 
on the Lungs of Respiratory Air Flow Resist- 
ance in Dogs wiih Special Reference to Vagot- 
omy, S. Zinberg, G. Nudcll, W. G. Kubicek, 
& M. B. Visscher, Am. Heart J., May, 1948, 
35: 774. — (f?. C. Leiner) 

Atelectasis in Tuberculosis. — ^The authors 
deal with the question of involvement of the 
peripheral bronchi in cases of so-called opaque 
lobe occurring during pneumothorax. In 26 
necropsies on cases with tension cavities the 
major bronchi to the affected area were found 
to be involved specifically in S3 per cent of 
cases. The chief changes, however, were in 
the surrounding areas of bronchopneumonia 
and in the small peripheral bronchioles. The 
bronchioles at first were infiltrated with 
plasma cells and lymphocytes; the lumens 
were flattened and later entirely obliterated. 
The course of events is depicted diagram- 
matically. In a cavity with tuberculous 
bronchopneumonia, artificial pneumothorax 
may kink the draining bronchus which is 
diseased and structurally weakened. This 
may result in a tension cavity. This, in 
turn, causes alteration of the alignment of 
diseased bronchioles in the vicinity with early 
collapse and infection of the alveoli. This 
final picture is the so-called opaque lung or 
atelectasis. — “Atelectasis" during Collapse 
Therapy for Pulmonary Tuberculosis, J. 
Cuthbert & M. N. Nagley, Tubercle, July, 
1948, 29: 154. — (A. G. Cohen) 

Pulmonary Circulation. — Studies of cardiac 
output and pulmonary arterial pressure were 
performed using the venous catheter tech- 
nique in 3 normal individuals and in 8 patients 
with various types of chronic pulmonary 
disease. Measurements were made at rest 
and during exercise on a stationary bic 3 '’cle. 



10 


ABSTBACTS 


Two of the 3 normal subjects showed a de- 
crease in the mean pressure in the pulmomiy 
artery during exercise; all showed a marked 
drop in pulmonary vascular resistance and a 
minimal increase in the work of the right ven- 
tricle during exercise. Three of the patients 
with chronic pulmonary disease showed a 
significant elevation of pulmonary arterial 
pressure at rest, and in all 8 cases the mean 
pressure increased during exercise. There was 
either no change or an increase in the pul- 
monarj’’ vascular resistance during exercise, 
and the work of the right ventricle was in- 
variably higher than in the normal subjects at 
a corresponding work level. The findings in- 
dicate that the expansibility of the pulmonary 
vascular bed during exercise is limited in 
patients with chronic pulmonary disease. 
Anoxia may contribute to the elevation of 
pulmonarj' arterial pressure during e.xercise 
in those patients whose arterial ox3'gen satura- 
tion falls. The phj'siological evidence upon 
which an estimate of disability must be based 
in patients with chronic pulmonarj’- disease is 
ex-tended by these studies of the pulmonary 
circulation during exercise. (Authors’ sum- 
mary .) — Studies of the Pulvionary Cimdation 
at Rest and during Exercise in Normal In- 
dividuals and in Patients with Chronic Pul- 
monary Disease, R. L. Riley, A. Himmelstcin, 
H. L. Motley, H. M. Weiner & A. Cournand, 
Am. J. Physiol., February 1, 194S, ISZ: STS . — 
(G. C. Leiner) 

Pressure Breathing and Cardiac Output.-T- 
Three tj-pes of intermittent positive pressure 
breathing have been differentiated by the 
shape of the cunm of the pressme in the mask 
and have been correlated with the changes in 
cardiac output obsenmd in 33 experiments on 
29 hiunan subjects. The three tj’pes of pres- 
sure curves were as follows: tj-pe I, sym- 
metrical with graduall3' increasing and 
decreasing slopes and e.xpirator3' and inspira- 
tory times approximately the same, and the 
final c.xpiratory pressure above the atmos- 
pheric level; tj-pe 11 , asj-mmctrical with the 
pressure rapidly increasing during inspiration 
and rapidly dropping during ex-piration, long 


inspiratory and short expiratory intervals, and 
the final e,xpiratoiy pressure above the atmos- 
pheric level; and t3'pe III, as3TnmetricaI with 
the pressure gradually increasing during 
inspiration and suddenly dropping e.arl3* in 
expiration to the atmospheric level, the ex- 
piratory time equaling or exceeding the 
inspirator3^ Cardiac output was decreased 
more or less in proportion to the increase in 
mean mask pressure with curves of the first 
and second t3-pes. There was no decrease in 
cardiac output with the third t3’pe of curve. 
The net filling pressure of the right ventricle 
decreased as the mask pressure rose and in- 
creased as the mask pressure fell with all t3'pes 
of cunms. The mean net filling pressure of 
the right ventricle was calculated for complete 
respirator3’- cycles during intermittent pres- 
sure breathing and during ambient breathing. 
This me.an pressure was reduced in cases 
where the cardiac output fell during inter- 
mittent pressure breathing. Conversely, 
when the cardiac output was increased, the 
mean net filling pressure rose. Interpreted in 
terms of variation in the stroke xmlume, these 
changes suggest that the deficit in cardiac 
output, which was incurred during the in- 
spiratory phase, is compensated for under the 
expiratory phase. When the pressure drop is 
rapid in expiration so that the resulting intra- 
pleural pressure is low and the right ventricu- 
lar net filling pressure high, compensation is 
complete if the e.xpirator3' time is of sufficient 
duration. The ex-piratory time must equal 
or exceed the inspirator3’’ time in order that 
the number of heart beats during ex-piration 
ma3’' equal or exceed the number during 
inspiration. With the third t3’pe of cun-e, 
the time and pressure relationships permit 
complete compensation and the mean right 
ventricular net filling pressure is not decreased. 
With the first and second t^-pcs, compensation 
is incomplete because the mask pressure does 
not drop rapidl3' with the first type. The 
expirator3' time is too short with the second. 
Intermittent positive pressure breathing 
should pro\-ide a mask pressure curve that 
shows: ( 1 ) a gradual incre.ase in pressure dur- 
ing inspiration, {S) a subsequent rapid drop 
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ia pressure, (S) a mean mask pressure during 
the expiratory period as near the atmospheric 
level as possible, and (4) an expiratory time 
equal to or exceeding the inspiratory tiine. 
Adequate ventilation can be provided with 
the above type of pressure breathing in man 
with a minimal disturbance to the circulation, 
and this type would seem most desirable 
phj^iologically for administering artificial 
respiration. — Physiological Studies of the 
Effects of Intermittent Positive Pressure 
Breathing on Cardiac Output in Man, A. 
Coumand, H. L. Motley, L. WerJeo & D. W . 
Richards, Jr., Am. J. Physiol, January, 1948, 
152: 162.— {G. C. Leincr) 

Alveolar Pressure. — Measurements of the 
alveolar pressure and the simultaneous rate 
of flow of respired air in 21 human subjects 
are presented. The data for each subject 
can be described by an equation of the form 
P = KiV + KsV’, where P is the alveolar 
pressure and V is the volume rate of flow. 
The constants Ki and K 2 differ for different 
individuals. In the average subject an al- 
veolar pressure of 1.8 cm. of water is required 
to produce a flow of 500 cc. per second. 
(Authors’ summary.) — Measurement of Al- 
veolar Pressure in Human Subjects, A. B. 
Otis & D. F. Proctor, Am. J. Physiol, J anuary 
1, 1948, 152 : 106.— {G. C. Leiner) 

Myocardial Metastases from Bronchogenic 
Carcinoma. — The purpose of the article is to 
correlate the occurrence of arrhythmias and 
auricular involvement in an unselected series 
of 148 cases of bronchogenic carcinoma. 
Myocardial involvement was demonstrated in 
17 cases. Of these, 11 showed arrhythmias, 
consisting of paroxysmal auricular fibrillation 
in 5, permanent auricular fibrillation in 2, 
permanent auricular flutter in 2, paroxj-smal 
flutter and fibrillation in one and paroxy^smal 
extrasystoles in one. There was no rheumatic 
history or postmortem evddence of rheumatic 
fever, hypertension or degenerative heart 
disease in any case. The average age was 
54.7 years in cases vdth arrhythmia and 44.0 
years in cases with regular rhythm. The 


primary lesion was in the left limg in 8 cases 
and in the right in 9. The left auricle was 
involved in 14 cases, the right auricle in 7, the 
left ventricle in 2 and the right ventricle in 
none. The histological type was squamous 
cell in 5 and oat-cell in 8; one each showed 
giant and spheroidal cell, oat and spheroidal 
cell and undifferentiated carcinoma. Serial 
sections of the coronary arteries were not 
made so that it cannot be stated for certain 
that arteriosclerosis was not a factor in pro- 
ducing the arrhythima in some cases. It is 
assumed, however, that malignant invasion of 
the myocardium was at least the major factor. 
In 358 cases of nonbronchial carcinoma, 
metastases to the myocardium were found in 
19 cases. The lesion was primary in many 
organs but malignant melanoma and some 
sarcomas showed a particularly high incidence. 
None arose from the gastro-intestinal tract 
below the esophagus. Only one showed an 
arrhythmia. Thus, the incidence of myo- 
cardial metastases from bronchogenic car- 
cinoma is greater than that from all other 
sources combined. — Myocardial Metastases 
from Bronchial Carcinoma and Other Neo- 
plasms, J. E. G. Pearson, Brit. J. Tuherc., 
April, 1948, 42: SI.— {A. G. Cohen) 

Action of Diaphragm in Emphysema.— The 
range of the diaphragmatic movements was 
examined under costal and abdominal pres- 
sure in 9 normal and in 34 emphysematous 
subj ects. Costal pressure enabled the normal, 
but not the emphysematous subject, to lower 
the diaphragm more on maximum inspiration. 
Abdominal pressure enabled both groups to 
push the diaphragm higher up in maximum 
e.xpiration; during quiet breathing it restricted 
the diaphragmatic movements to a minimum. 
In no cases did improvement of the vital 
capacity occur. Under costal pressure the 
vital capacity was always considerably re- 
duced Its reduction under abdominal pres- 
sure was much smaller. Nevertheless, 
patients who used belts for several weeks were 
found to have an increased vital eapacity after 
the belts were removed . This improvement is 
due to the additional respirator}' training 
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which the compression produced. — The In- 
fluence of Costal and Abdominal Pressure on 
the Action of the Diaphragm in Normal and 
Emphysematous Subjects, H. Herxheimer, 
Thorax, June, 194S, 3: 122. — (.d. G. Cohen) 

Electrocardiogram in Pneumothorax. — 
Electrocardiographic studies were made be- 
fore and after induction of a therapeutic 
pneiunothorax. Ten patients with right pneu- 
mothorax and 13 patients with left pneumo- 
thorax were examined. P-wave changes were 
not consistent in left pneumothorax; in right 
pneumothorax Pi showed a tendency towards 
decrease in amplitude, Ps showed a tendency 
towards increase. P-R intervals remained 
unchanged. In right pneumothorax, there 
was a tendency toward decrease of QRS in 
lead 1. There was a tendency toward a shift 
of the axis to the right, more so in right pneu- 
mothorax than in left pneumothorax. Ti 
became smaller in right and left pneumo- 
thorax. T 3 became larger in 10 of 13 cases of 
left pneumothorax; in right pneumothorax, 
Ts showed no consistent change. In right 
pneumothorax, there were no important 
changes of the QRS complexes in the 
precordial leads. In all cases of left pneumo- 
thorax, the QRS complexes became smaller 
in two or more precordial leads; in 11 of the 
13 cases the QRS complexes became more in- 
verted in two or more precordial leads. In 
right pneumothorax there were no consistent 
precordial T-wave changes. In all cases of 
left pneiunothorax the T-waves became 
smaller or inverted in two or more precordial 
leads. After resorption of the pneumothorax 
air the electrocardiographic changes disap- 
peared. There was no correlation of the 
electrocardiographic changes with the degree 
of cardiac displacement or with the presence 
or absence of adhesions. — Electrocardiographic 
Changes in Pulmonary Collapse Therapy. I. 
Artificial Pneumothorax, D. Feldman & C. 
Silvcrherg, Am. Heart J., May, 19j8, 35: SOO. 
— ((?. C. Lciner) 

Venous Pressure in Tuberculosis. — Ab- 
normal venous pressures have been obsen'ed 


frequently in cases of thoracoplasty, intra- 
pleural and extrapleural pneumothorax. 
Measurements of the peripheral venous pres- 
sure of 55 patients with pulmonary tubercu- 
losis confirm earlier reports that pressure 
changes are inconstant, often transient, and 
usually present only on the side of the more 
extensive disease or of the collapse. Among 
the patients were 30 who were dj'spneic at 
rest but in whom clinical and roentgenographic 
evidence of right heart failure was absent or 
questionable. In such patients, venous pres- 
sure determinations offer valuable help in 
detectmg early right heart failure. Collapse 
therapy does not interfere because it produces 
a unilateral increase in the venous pressure. 
The presence of the hepatojugular reflux 
phenomenon of Pasteur and Rondot is further 
evidence of heart failure; it is not produced by 
collapse therapy. — The Relationship of Periph- 
eral Fenous Pressures to Pulmonary Tuber- 
culosis, A. Palcy & M. M. Alexander, A. J. 
M. Sc., February, 1948, 215: 189. — (ff. F. 
Mitchell) 

Pneumopericardium from Pneumothorax. — 
In 2 cases receiving artificial pneumothorax 
for pulmonary tuberculosis, pneumopericar- 
dium appeared. The pneumothorax was on 
the right in one and on the left in the other. 
The pneumopericardium rapidly absorbed 
following abandonment of the pneumothorax. 
It is felt that the underlying mechanism is a 
congenital pleuropericardial defect. — Pneu- 
mopericardium Complicating Pneumothorax 
Therapy, P. EUman & K. K. Hussain, 
Thorax, September, 1948, 3: 129. — {A. G. 
Cohen) 

Prognosis of Cavitary Tuberculosis. — Posi- 
tive sputum is regarded as the criterion of the 
presence of a ca-vity. The fate, after 20 
years, of 1,233 unselected patients nith posi- 
tive sputum was investigated. There was 
found to have been improvement in the 
number of patients surviving three and five 
years from 1934, 1935 and 193G onward. 
There was also improvement in the eight year 
survival period during 1937 to 1939. Tins 
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improvement was due to the various advances 
in treatment and care that have taken place. 
There was insignificant improvement in the 
ten year survnval period. These studies indi- 
cate that the greatest eare must be used in 
evaluating the apparent efficacy of any new 
type of treatment. — The Fate of the Tuber- 
cvlous Catnly, B. Mann, Ttihercle,Jiine, 194S, 
29: 131. — (A. G. Cohen) 

Therapeutic Pneumoperitoneum. — Seventy- 
four patients with pulmonary tuberculosis 
were treated by phrenic crush supplemented 
by pneumoperitoneum. The treatment was 
used in cases falling into several categories. 
As a supplement to a partially effective pneu- 
mothorax, it was successful in 3 and partly 
successful in one of 8 cases. The good re- 
sults were obtained chiefly with basal or mid- 
zonal cavities. As the sole definitive measure, 
it was successful in 14 and partly successful 
in 4 of 35 cases. The good results were ob- 
tained chiefly with exudative disease, infil- 
trations without cavitation, and cavities with 
no significant fibrosis. As a preparation for 
major surgical procedures, both on the homo- 
lateral and contralateral sides, it was effective 
in accomplisHng the limited objective in 16 
of 19 and 6 of 8 cases, respectively. It failed 
in all 4 cases of far advanced disease. The 
chief complications were effusion in 4 cases, 
including one of fatal peritonitis, and a non- 
fatal air embolism in one case. The patients 
e-xperienced very little discomfort. The pneu- 
moperitoneum was maintained as long as 
pneumothorax would have been in the same 
case. — Pneumoperitoneum: Its Place in Treat- 
ment, R. J. Keers, Brit. J. Tuberc., July, 
1948, 42: 58.— {A. G. Cohen) 

Absorption of Pneumoperitoneum. — The 
rate of absorption of pneumoperitoneum was 
studied in 33 cases of pulmonary tuberculosis. 
The pneumoperitonea were classified arbi- 
trarily as full, moderate and shallow. The 
average time required for absorption was eight 
weeks in the full, five and a half weeks in the 
moderate and two and a half weeks in the 
shallow. The rate of absorption of air was 


not affected by exercise, duration of the 
pneumoperitoneum or the presence of fluid. 
Ei-vacuo effusions did not develop. — The 
Absorption of Pneumoperitoneum, W. Fox, 
Thorax, September, 1948, 3: I 4 I. — (A. G. 
Cohen) 

Ex trapl e ural Pn eumo tho rax. — ^Extrapleural 
pneumothorax was employed in 128 patients 
with pulmonary tuberculosis. All but 5 
patients were followed for at least five years 
or until death. Fifty-six (44 per cent) were 
dead, 58 (45 per cent) were alive and well 
while 14 (11 per cent) were alive but with 
symptoms. In 28 cases the extrapleural 
pneumothorax was used with an intrapleural 
pneumothorax on the same side (“combined” 
operation). In the other 100 cases, the extra- 
pleural operation alone was done (“standard” 
operation). The mortality was 14 per cent 
in the “standard” and 21 per cent in the 
“combined” group. Tuberculous infection 
of the extrapleural space was detected in 13 
per cent of the “standard” and 28 per cent of 
the “combmed” group. Other frequent com- 
plications were nontuberculous infection of 
the space, bronchopleural fistula, hemorrhage, 
atelectasis and effusion. Very few late com- 
plications were seen in cases where a satis- 
factory pneumothorax had been obtained. 
In 27 of the 33 cases in which the pneumo- 
thorax was voluntarily abandoned after an 
average period of five years, there were no 
relapses or complications. Factors leading to 
a successful outcome of the operation were 
{!) a short period of symptoms, (S) a small 
cavity which was not obviously subpleural, 
and (S) minimal disease in the contralateral 
lung. — Extrapleural Pneumothorax, A. T. M. 
Roberts, Thorax, September, 1948, 3: 166 . — 
(A. G. Cohen) 

Open Intrapleural Pneumonolysis — In 13 
cases of pulmonary tuberculosis receiving 
pneumothorax, adhesions were severed by an 
open operation. In each case, a closed pneu- 
monolysis had been attempted previously. 
The advantages of salvaging an ineffective 
pneumothorax are obvious. The disadvan- 
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to SS^JC. — a' Kao 'Mycohaclcnal Infcdion 
in ^fan: I. Clinicji} Aspects, P. ^facCaUum; 
11. Experimental Ini'cstigations in Laboratory 
Animals, J. C. ToUnirs! A* G. EueJele; III. 
Pathology of the. Experimental Lesions in the 
Pat, U. A. Sissons; IV. Cnllimtion of the. 
A’cw ^[ycohaclcrium, G. Buckle & J. C. 
Tolhurst, J. Path. & Bod., January, 194S, 
60: 3S. — (II. J. Henderson) 

Spontaneous Pneumothorax. — In 1913 the 
United States Army had S73 liospital admis- 
sions for simple benign spontaneous pneumo- 
thorax. It has become apparent in recent 
5'cars that tliis tj^pe of pneumothorax is rcl.a- 
tively common, cspcciall}* in healthy young 
adult males. Pleural fluid is slight, fever is 
uncommon, and uncomplicated re-expansion 
is the rule. Sixty-three cases arc reported in 
detail. Half of the patients were between 20 
and 30 years of age; the ratio of males to fe- 
in.ales was 5 to 1. In 70 per cent the time 
required for re-expansion was seven weeks or 
less but, in any p.arlicular patient, it w.as diffi- 
cult to predict the tinre which would be re- 
quired. In only 3 per cent phj'sical axertion 
preceded the onset of the pneumothorax. 
Chest pain occurred in all .and subsided in a 
few days. Dj'spnea was present in S3 per 
cent; 5 patients were slightly cyanotic at the 
onset. Four patients had no pleural fluid; 
two had fluid above the diaphragm and in 
both cases gross blood was aspirated. No 
patient had pleural adhesions demonstrable 
on chest X-ray, in sharp contrast to patients 
ndth active pulmonary tuberculosis. Tlie 
sedimentation rate was normal in 73 per cent 
and slightly elevated in 27 per cent of the 
cases. Of those who had wliite blood counts 
on admission, 70 per cent were normal and 
the others showed only slight elevation. 
Most patients were afebrile but two had 
fever for more than one week. They both had 
thrombopWebitis. Recurrences occurred in 
19 per cent, usually on the same side, but the 
prognosis was excellent . — Benign Idiopathic 
Spontaneous Pneumothorax, A Review of 
Sixly-three Cases.— B. Hyde & L. Hyde, 


Am. J. M. Sc., April, lO/fS, 215: /,27.—(G. 
F. Mitchell) 

Spontaneous Mediastinal Emphysema. — 
A 23 yc.ar old man developed pain in the left 
chest which radiated to the left shoulder and 
left arm. He became dizzy, nauseated and 
went into shock. Auscultation revealed a 
crunching sound over the heart during sj’stole 
and diastole. Tlie diagnosis of acute myo- 
cardial infarction was made. A chest roent- 
genogram (ijostcroantcrior \dcw) taken a few 
days later showed no abnormality. A few 
weeks later the patient developed similar 
signs and sjanptoms. A lateral chest roent- 
genogram revealed an area of increased trans- 
luccncy anterior to the heart. The diagnosis 
of recurrent spontaneous mediastinal emphy- 
sema was made . — Recurrent Spontaneous Me- 
diastinal Emphysema Simulating Myocardial 
Infardion, P. C. Pellegrino A E. N. Silber, 
Am. Heart J., Septetnber, 194S, 36: ^7. — 
(G. C. Ijdncr) 

Suppurative Bronchopneumonia. — The 
authors saw approximately 3,500 cases of 
pneumonia at a naval hospital during the win- 
ter and spring of 1914-1945. Seven cases of 
bronchopneumonia were characterized by 
parcnch 3 anal suppuration and necrosis with 
camty formation and are reported in some 
detail. Other investigators have reported an 
equal incidence in the se.xes and an occurrence 
in all age groups, but there appears to be a 
preponderant frequency in children and jmimg 
adults. In 4 of the authors’ cases, a pure cul- 
ture of beta hemolj’tic streptococcus was 
found; in the other 3 no pathogenic organisms 
were identified. The clinical sjmptoms of 
suppurative bronchopneumonia are fever, 
cough and e.xpectoration of purulent sputum, 
with a frequent history of antecedent upper 
respiratorj' tract infection. Pleuritic pain is 
common. There are 4 clinical tjqies of 
suppurative bronchopneumonia; (1) An or- 
dinary bronchopneumonia except for the 
roentgenographic demonstration of a cavity. 
Recovery is usually imeventful. (2) A more 
sex'ere, protracted disease wliich tends to 
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gi\’ing permanent relief. ' Kelly was able to 
relieve pain in both acute pleuritis and libro- 
mj'ositis in this manner. Dj'bdahl relieved 
pleuritic pain by sprajing ethyl chloride on 
the skin over the painful area. The authors 
report success with tliis method also, the 
spray being used for twenty to thirty seconds. 
These results may be explained by the so- 
(xilled “chain” effect of muscle spasm de- 
scribed by PajT. Pain originating .anjnvhero 
in the "chain” leads to painful muscle sp.asm 
and the pain of spasm induces still more spasm 
and p.ain. Thus, if the chain is broken at an 3 ’’ 
point, the spasm is relieved. Tiie relief of 
painful muscle spasm bj’ the use of erythrio- 
dine in anterior poliomj'elitis and the relief of 
painful muscle spasm by curare has been 
repeatedty demonstrated. Thus, much of the 
pain of pleuritis may bo due to painful spasm 
of the intercostal muscles which perpetuates 
itself in a vicious cj'cle of spasm, pain and more 
spasm. Relief by any method seems to de- 
pend upon interruption of the cycle at some 
point . — Pkurilic Pain: Use of hitravcnovs 
Calcium Gluconate in Its Relief, I. L. Bcnnctl 
efc IF. Lathem, Am. J. M. Sc., April, 194S, 
21S: 4S1.—{G. F. Mitchell) 

Boeck’s Sarcoid. — This report is derived 
from the study of 7 cases of Boeck’s Sarcoid, 
including one death and autopsj'. All the 
patients were j'oung adults and 4 were Negroes. 
Five patients had widened hilar shadows on 
roentgenograms. Tuberculin tests were done 
on 6 patients and were negative in all. Tlie 
sedimentation rate was elevated in 5 and re- 
mained so for prolonged periods; this test may 
measure the acthdty of the disease. In the 
2 patients on whom serum protein determina- 
tions were carried out, the globulin fraction 
was above normal. Final diagnosis depends 
upon liistological study of a biopsy specimen, 
usually an enlarged peripheral Ijunph node. 
Several biopsies may be necessar 3 ^ In one 
patient, the diagnosis was estalDlished by 
biopsy of a nodule in the biceps muscle. 
One patient died suddenly at a time when he 
appeared to be impro%Tng and was symptom 
free. The striking postmortem finding in 


tliis man was e-xtensive sarcoid infiltration of 
the mj'ocardium. He had maintained a 
pulse rate of 90 to 120 even when afebrile. 
In retrospect, the authors feel that persistent 
tachj’-cardia should arouse suspicion of myo- 
cardial involvement in Boeck’s sarcoid. One 
other patient with persistent tachycardia 
manifested electrocardiographic findings in- 
dicative of myocardial damage. — Boeck’s 
Sarcoid: Observations of Seven Patie7its, One 
Autopsy, G. S. Bates & J. M. Walsh, Ann. 
Ini. Med., August, 1948, 29: 308. — {H. R. 
Naycr) 

Histoplasmosis and Torulosis of Adrenals. 
— ^Tuberculosis has long been recognized as 
the most frequent infectious cause of adrenal 
insufiicicncj’’ though other organisms may 
produce the same signs and s 5 'mptoms. De- 
spite their relative infrequenej’’, fungus dis- 
eases, especiallj’^ liistoplasmosis and torulosis, 
should be kept in mind in the differential 
diagnosis. All the available cases of adrenal 
involvement by histoplasmosis and torulosis 
are re^^ewed. In all, 19 cases of involvement 
due to Histoplasma capsulatum have been 
reported. Some sjTnptoms of adrenal insufifi- 
ciency are reported but for the most part thej' 
are masked bj^ complaints referable to other 
organs. Autopsj'^ showed marked enlarge- 
ment and parenchjTnal replacement by yel- 
lowish-gray fibrocaseous tissue containing the 
causative organism. Onlj’’ S cases of adrenal 
insufficiency due to Torula histolytica have 
been reported. Two new cases, one of 
histoplasmosis and one of torulosis are re- 
ported by the authors. The symptoms of 
adrenal insufficiency were recognized in one 
of the cases prior to death. As in tuberculosis, 
the ratio of cases of adrenal failure due to 
histoplasmosis is 2 males to 1 female; 76 per 
cent of the histoplasmosis cases and only 28 
per cent of adrenal torulosis cases showed 
caseation. The authors suggest that the 
caseous reaction may be an allergic one. — 
Histoplasmosis and Torulosis as Causes of 
Adrenal Insufficiency, A. J. Rawson, L. H. 
Collins, & J. L. Grant, Am. J. Med., April, 
1948, 215: 363.— (G. F. Mitchell) 
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Arterio-venous Aneuiysm of the Lung. — 
Two cases of arterio-venous aneur3'Sia of the 
lung are reported, making a total of 25 cases 
on record. The outstanding feature is cj'ano- 
sis. Dyspnea appears later and is progressive. 
It is probably due to stimulation of the respira- 
tory center by the high carbon dioxide content 
of the arterial blood and not to cardiac failure. 
Cerebral anoxemia is responsible for the 
transient attacks of vertigo, faintness or con- 
cisions which may occur. Pulmonai^’’ hem- 
orrhage is frequent; capillary hemangiomata 
of the sldn and mucous membranes are 
seen often. Clubbing of the fingers is com- 
mon; hypertrophic osteoarthropathy is rare. 
There are no abnormal cardiac findings; 
blood pressure readings are normal. A mur- 
mur over the tumor is heard in about half of 
the cases. Secondary pol3'cj’themia and 
greatly diminished 0X3'gen saturation of the 
arterial blood is characteristic. An opaque 
shadow representing the tumor is seen in the 
lung and may be connected to the hilus by 
vessels. It may decrease in size with Val- 
salva’s experiment or increase in size when the 
patient attempts forced inspiration nith 
mouth and nose closed. The lesion is a 
developmental malformation. The treatment 
is surgical removal by local excision, pneu- 
monectom5'’ or lobectomy. — Arterio-venovs 
Aneurysm of the Lung, C. G. Barnes, L. 
Falii & D. M. Pryce, Thorax, September, 
194s, 3: 14s.— {A. G. Cohen) 

Lobar Adenocarcinoma. — The autopsy find- 
ings in 2 cases with extensive pneumonic con- 
solidations are presented. In a 31 3^e3r old 
woman, diffuse adenocarcinoma of the right 
lung, with metastases to the left lung, liilar 
l3Tnpli nodes, adrenal gland and kidney was 
found. In a 73 5'ear old woman the autops3’’ 
revealed diffuse adenocarcinoma of the right 
lung, with metastases to the left lung, hilar 
13'mph nodes, adrenal glands and liver. No 
distinct point of origin of the tumors was 
found. The following conclusions are made: 
"(I) The growths are primar}' in the lung, 
but metastases from a latent primar3' glandu- 
lar focus outside the lung should be carcfulb' 


excluded. (S) They arise from the mucosa of 
the bronclual tree be3mnd the larger bronchi, 
the point of origin being obscured b}’ the ax- 
tensive grondh involvement. (5) A source of 
origin from pre-existing epithelized alveoli 
cannot be prov'ed. ( 4 ) A multicentric origin 
cannot be established. ( 5 ) To date there is 
no proved relationship between diffuse adeno- 
carcinoma of the lung and pulmonar3* adeno- 
matosis.” — Lobar Adenocarcinoma of the Lung 
SimnJttling Pneumonia. Report of Two Cases, 
G. Silverman & A. Angrisl, Arch. Int. Med., 
March, 1948, SI: SG9.—{G. C. Lcincr) 

Homer’s Syndrome from Osteochondroma. 
— ^Homer’s S3-ndrome ma}’ be produced by 
any t3'pe of apical lung tumor but is most 
commonl3’’ associated vitli malignant neo- 
plasms. The author reports the aasc histor3'’ 
of a 34 year old woman in whom the symdrome 
had been present for twent3’ years. Inter- 
mittent gnauing pain in the left arm had been 
present since the age of seven. Chest X-ray 
revealed a left apical mass with irregular 
calcification and a claarly dcmarc.ated outer 
margin. A hard bon3'- mass was palp,ablc in 
the left supraclavicular fossa. At operation 
the tumor mass was found to arise from the 
first rib and was completely removed. The 
pathological diagnosis was osteochondroma. 
Eight months after removal, there w.as cri- 
dence of some regeneration of the S3'tnpa' 
thetic fibers. Horner’s Syrndromc produced 
b3’' osteochondroma of left first rib is an e.v- 
tremely rare finding. — Horner's Syndrome 
Due to An Osteochondroma of the First Rib, 

J. F. Simpson, Caiiad. M. A. /., August, 
194s, 59: 152.— [ H. R. Naycr) 

Roentgenography of the Diaphragm. — 
The diaphragm, both anatomically and pli3'si- 
ologiaally, is a ^•ulncrable structure, being 
rcadil3’- involved by pathologiaal changes 
arising from above and below or from in- 
herent wralaiesscs of the structure itself. 
Roentgenographic studies have paid the great- 
est attention to the anteroposterior projection, 
although the surface of the diaphragm is not 
horizontal throughout. Each laaf has the 
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shape of a dome, the highest point being me- 
dial and anterior with a downward slope in the 
lateral and backward extensions, so that only 
the surface of the highest level can be seen 
in an anteroposterior view. One-third to 
one-half of the diaphragm lies behind the 
heart and is not seen at all. Thus, for a satis- 
factory roentgenographic examination of the 
entire diaphragm, a lateral as well as a frontal 
view is essential. Tliis technique has been 
used successfully for many years and the 
authors have demonstrated many abnormal 
conditions which were hardly suspected in the 
customary frontal projections. The dia- 
phragm, being in intimate contact with the 
underlying structures, cannot be seen by itself, 
but the presence of free air within the abdo- 
men enables one to see it elevated, giving a 
more accurate picture of its position, contour, 
and thickness. A study of 8 cases showed 
that the fundamental roentgenographic tech- 
nique of making two projections at right angles 
to one another should be applied to the dia- 
phragm to demonstrate satisfactorily its com- 
plete topography. It has made possible the 
recognition and localization (mth or without 
the aid of barium suspension) of herniation 
through any part of the diaphragm; the dif- 
ferentiation of lesions not seen in the anterior 
projection; demonstration of elevation of the 
diaphragm, in whole or in part, often sug- 
gestive of intra-abdominal tumors; and finally, 
the most practical application of all, the diag- 
nosis of subphrenic abscess. This is mdicated 
by elevation of the diaphragm and oblitera- 
tion of the posterior costophrenic angle pro- 
ducing the “plateau sign of subphrenic ab- 
scess.” — The Diaphragm, S. Brown & A. 
Fine, Radiology, February, 194S, SO: 157. 
— ((?. F. Mitchell) 

Pleural Fluid Simulating Elevated Dia- 
phragm. — ^The author presents 6 cases in 
which pleural fluid at the lung base closely 
simulated elevation of the diaphragm, in 2 
instances on the right and in 3 on the left. 
The roentgenographic appearance of the fluid 
must be distinguished from subphrenic dis- 
ease (mflammatory or neoplastic), paralysis 


of the diaphragm, atelectasis, eventration of 
the diaphragm, and intrapleural or intra- 
pulmonary neoplastic disease. It is most 
difficult to differentiate between the collec- 
tion of fluid and a subphrenic disease produc- 
ing a progressive elevation of the diaphragm. 
The patients often have fever and vague symp- 
toms which are of little help in localizing the 
process. The signs on physical examination 
may be identical in the two conditions. 
Fluoroscopy, lateral decubitus roentgeno- 
grams, pleural tap, demonstration of tire 
stomach bubble, which may be accentuated 
by giving the patient a carbonated drink prior 
to examination, and pneumoperitoneum are 
suggested as useful procedures in differential 
diagnosis. Among the factors leading to the 
production of basal fluid accumulations, 
fibrinoplastic adherence of visceral and pari- 
etal layers of the pleura is believed to be of 
major importance. — Basal Pleural Fluid Ac- 
cumulations Resembling Elevated Diaphragms, 
D. B. Jones, Radiology, February, 1948, 50: 
227.— {G. F. MUchell) 

Pleural Fluid Simulating Eievated Dia- 
phragm. — ^The authors present a typical ex- 
ample of an infrapuhnonary effusion mas- 
querading as an elevated diaphragm. A 27 
year old white female with bilateral pulmonary 
tuberculosis complained of pain in the right 
lower portion of the chest and became shghtly 
febrile. Fluoroscopy revealed an elevated, 
arched right diaphragmatic leaf which moved 
over only one interspace. The costophrenic 
angle was clear and no free fluid was detected. 
Roentgenograms confirmed these findings. 
The lower half of the right side of the chest 
was dull to percussion, with decreased or ab- 
sent breath sounds. Diagnostic pneumo- 
peritoneum was initiated and demonstrated 
an iofrapulmonary effusion. An anteropos- 
terior roentgenogram of the chest in the right 
decubitus position revealed a well defined 
fluid level in the costal gutter, some of the 
fluid remaining in the infrapuhnonary space 
at the end of five minutes. Diagnostic thora- 
centesis revealed a clear amber fluid which 
contained no acid-fast bacilli. — Infrapulmo- 
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can also develop from pathogenic tubercle 
bacilli, its significance in the chemotherapy 
of tuberculosis is evident. — A Variant of 
Mycohacterixm Ranae Requiring Streptomycin 
for Growth, D. Yegian <fc F. Budd, J. Bad., 
April, 1948, 55: 459.— (F. G. Petrik) 

Effect of Fluoride on Mycobacteria. — Re- 
cently Davis and Dubos have shown that 
fluoride, in concentrations that do not affect 
the growth of M. tuberculosis H37RV, in- 
hibits the action of lipase on “Tween SO.” 
The present study deals with the effects of the 
fluoride ion on the metabolism of certain 
mycobacteria. Most of the e.vperiments were 
done with a rapidly growing BCG strain of 
M. tuberculosis (ATC S240). Similar effects 
were, however, obtained with M. tuberculosis 
(ATC 607) and the strain H37RV. The re- 
sults showed that the oxygen uptake of washed 
suspensions of the BCG strain is greatly in- 
creased by sodium fluoride and that the 
amount of increase depends on the relative 
concentrations of fluoride and bacteria as 
well as upon the hydrogen ion concentration. 
The effect is greatest at pH 6.0, intermediate 
at pH 6.7, and least at pH 7.8. — The Effect 
of Sodium Fhtoride on the Metabolism of 
Certain Mycobacteria, R. J. Fitzgerald & 
F. Bemheim, J. Bad., May, 1948, 55: 677 . — 
(F. G. Petrik.) 

Penicillin and Growth of Mycobacterium. — 
The effect of penicillin on the growth of M. 
iubercxdosis was studied using fom- strains 
from active human cases in addition to stand- 
ard laboratory strains of human, bo%Tne and 
avian tj'pe. Crystalline penicillin G sodium 
(Merck) was used in a culture medium pre- 
pared according to the formula of Dubos and 
Da^ds. Human, bovine and a\dan types of 
M. tuberculosis were inhibited by concentra- 
tions of penicillin varjdng from 1 to more 
than 200 units per ml. depending on the size 
of the inoculum. Among the human strains, 
no marked difference in sensithdty was ob- 
served between a standard laboratory strain 
(H37R^0 and strains recently isolated. The 
strains of bo^^ne and a^dan tj’pe were more 


sensitive to penicillin than human ones.— 
The Effect of Penicillin on the Growth of 
Mycobacterium Txiberculosis in Dvhos Me- 
dium. M. Solotorovsky, E. J. Bugie & B. 
M. Frost, J. Bact., April, 1948, 55: 555 . — 
(F. G. Petrik.) 

Desensitization and Tuberculin Cytotoxic- 
ity. — Tuberculin (OT) caused specific sup- 
pression of the initial migration of leucocytes 
from splenic explants of tuberculous guinea 
pigs. This suppression was markedly re- 
duced by specific desensitization. This find- 
ing indicates that the cjdotoxic effect of tuber- 
culin on tissue explants of tuberculin-sensitive 
animals is the result of the interaction of a 
sessile antibody with specific antigen. — 
Tubercidin Rcadion. II. Cytotoxicity of Tu- 
berculin for Splenic Explants of Desensitized 
Tubcrcidous Guinea Pigs, W. F. Kirch- 
heimer & R. S. Weiser, Proc. Soc. Exper. 
Biol. & Med., June, 1948, 68: 407. — (F. B. 
Seibert) 

Synthetic Phthioic Acid. — Certain synthetic 
fatty acid produced necrosis, abscess formation 
and foam cell nodules in the omentum, lymph 
glands and spleen when injected into the peri- 
toneal caAuty of the guinea pig. Naturally 
occurring phthioic acid produced the same re- 
action. — The Pathogenic Effect of Phthioic 
Acid and its Synthetic Analogues, J. Unger, 
G. E. Coulthard & L. Dickinson, Brit. J. 
Exper. Path., Axigust, 1948, 29: 822. — (H. J. 
Henderson) 

Enzyme Inhibition by Streptomycin. — Ben- 
zoic acid is oxidized by an adaptive enzyme in 
certain Mycobaderia. Streptomycin inhibits 
this oxidation probably by inhibition of the 
formation of this enzyme. Mycobaderium lac- 
iicola, which oxidizes p-hydroxybenzoic as 
well as benzoic acid itself, was showm to have 
its ability to oxidize p-hydrox 3 ’’benzoic acid 
less inhibited by streptomj^cin, if it had pre- 
Auously been grown in a medium containing 60 
mg. per cent of p-hydroxy^benzoate. Growth 
in benzoic acid increases to a small extent the 
amount of adaptive enzyme for p-hydro.\y- 
benzoic acid and growth in this latter acid has 
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a somewliat greater effect on the amount of 
adaptive enzjnne for benzoic acid. It is clear 
that the tvo acids are o.xidized bj' separate 
enzymes. Experiments were made with 
Mycohaderium tuberculosis BCG to determine 
the amoimt of benzoic acid required by the 
cell suspension to produce a measurable 
amount of adaptive enzjme and the time of 
exposure necessary for the effect to occur. 
Maximum inhibition bj' streptomycin occurs 
if it is added to the bacilli ninety minutes be- 
fore the benzoate. Tlie authors, however, 
have not been able so far to demonstrate 
adaptive enzyme formation in \drulent Myco- 
bacteria wliich are sensitive to streptomycin. — 
The Inhibition by Streptomycin of Adaptive 
Enzyme Formation in Mycobaderia, R. J. 
Fitzergcrald, F. Bcmheim, & D. B. Fitz- 
gerald, J. Biol. Chem., August, 1948, ITS: 
195. — (F. B. Seibert) 

Chemical Determination of Streptomycin. — 
Afluorometric method, based on the formation 
of a fluorescent hydrazone, for the determina- 
tion of streptomycin in urine and tissue was 
described. The lower limit of senatmty n-as 
2 y per ml. of urine and of tissue. Data on 
the analytical recoveries of streptomycin 
added to urine and to lung, liver, brain, heart, 
and spleen are presented. Tlie utility of the 
method for the determmation of streptomycin 
in urine and tissues following parenteral ad- 
ministration has been demonstrated . — A 
Chemical Determination of Streptomycin in 
Body Tissues and Urine. F. C. Jclinck di 
E. Boxer, J. Biol. Chem., August, 1948, 
175: S67.—{F. B. Seibert) 

ESect of Streptomycin and PAS on Tuber- 
cle Bacilli. — ^The growth of tubercle bacilli 
(HSTR^O oil Dubos medimn is inhibited by 
0.74 y per cc. of streptomycin or by 1.2 y of 
para-aminosalicylic acid (PAS). A moder- 
ately inhibiting concentration of cither 
streptomycin or of PAS when combined with 
a completely noninliibiting concentration of 
the otlicr drug produces a marked enh.ance- 
inent of inhibition of the growth in intro of 
II37RV. In intro growth of a resistant strain 


of liuman tubercle bacilli (H37R'\TSi’Rl) is 
inhibited by 1.2 y per cc. of PAS, and this 
inhibition is not enhanced by the addition of 
streptomycin.— In vitro Effect of Streptomycin 
and Para-Aminosalicylic Acid (PAS) on the 
Growth of Tubercle Bacilli, K. Vcnncsland, 
R. H. Ebert & R. G. Bloch, Proc. Soc. Exper. 
Biol. & Med., June, 1948, 6S: SB0.~(F. B. 
Seibert) 

Streptomycin for Bone Tuberculosis. — Six- 
teen patients with tuberculosis of the bones 
and joints have been treated with strepto- 
mycin. Nineteen joints were involved. 
Sinuses were present in 4 patients. The 
period of observ’ation following discontinua- 
tion of streptomycin therapj' ymried from one 
to eighteen months. In addition to strepto- 
mycin therap}’’, other forms of treatment were 
carried out whenever indicated. Response to 
streptomycin was fax’orable in 9 patients and 
fair in one patient. Four patients showed no 
benefit while treatment was too recent to per- 
mit valid conclusions in 2 patients. The daily 
administration of 1 Gm. of streptomycin for 
ninety days is considered a satisfactorj' course 
of treatment . — Streptomycin in Tuberculosis of 
Bone and Joint, TF. H. Bickel, II. II. Young, 
K. II. Pfuetze (fc T. Norlcy, J.A.M.A., June 
19, 1948, 137: 682.— (H. Ahelcs) 

Streptomycin for Pulmonarj- Tuberculosis. — 
The authors outline some tentative clinical 
interpretations with regard to the use of strep- 
tomy’cin in pulmonary tuberculo.ois. Con- 
clusions arc based on t iicir own axpcricncc and 
on direct knowledge of the work of otiicrs. 

In acute febrile tuberculo.sis, s.mptom.atic 
response is often striking and m.ay occur within 
three to four daj's, much before any change.s in 
the specific lesions can bo noted. I^cal symp- 
toms, such as the pain of tuberculous Iar.ni- 
gitis, cough or urinary .sjaiiptoms may sub.sido 
rapidly. Acute tuberculous lesions in the lung 
and larynx ninj* show accelerated resolution 
under the influence of the .antibiotic which 
suppresses bacteri.al growth before caseous 
necrosis h.as set in. .Although complete clear- 
ing rocntgcnograjihically may occur, the likcli- 



ABSTRACTS 


23 


hood of persistent minute caseous foci must 
be assumed. Resolution of acute pulmonary 
lesions may proceed for several months after 
completion of a course of streptomycin. The 
presence of caseation limits, to a large extent, 
the response to streptomycin. In extensive 
caseous lesions, there may be early sympto- 
matic response but little objective evidence 
of resolution and early relapse is common. 
The frequent finding of a caseous cerebral 
focus in tuberculous meningitis probably ex- 
plains the high incidence of relapse and the 
fatality rate (approximatel 3 ' 80 per cent) after 
initial improvement. Definitive arrest of the 
tuberculosis still depends primarily on the 
slow healing and fibrosis of caseous disease. 
In spite of immediate favorable effects, strep- 
tomycin has, therefore, not shortened the 
time required for ultimate healing. Strepto- 
mycin may aid in restoring a favorable balance 
but the natural resistance of the patient re- 
mains of great importance. The greatest 
benefit from the drug may be obtained when 
it is employed in association with rigid rest. 
The partial improvement obtained with 
streptomycin may render surgical measures 
possible in previouslj' hopeless cases. Drug- 
resistant bacilli appear within four weeks and 
are found in 70 per cent or more of patients 
vithin three to four months. Resistance ap- 
pears to be more directly related to the dura- 
tion of treatment than to the daily dosage. 
The authors’ experience indicates that treat- 
ment for a period of six weeks with doses of 1 
to 2 Gm. daily may be as effective as longer 
periods. Under the six week regimen, drug- 
resistance appeared in 25 to 30 per cent of the 
patients; the drug is, therefore, effective in 
the majority of these patients if further treat- 
ment is needed. In 12 of IS patients, the 
authors obscr\'ed complete loss of labjTinthine 
function when a dosage of 2 Gm. a day for six 
weclrs was emploj’ed. Administration of 1 
Gm. a daj' for six weeks did not destroj’’ 
vestibular function although there was oc- 
casional partial impaiiment. In cases of gen- 
eralized hematogenous tuberculosis and tuber- 
culous meningitis, where the fatalitj’ rate is 
verj' high, treatment should be carried out 


for ninety days in daily doses of 40 mg. per 
kg. of body weight, and the disadvantages 
of drug toxicity and bacterial resistance should 
be ignored. In meningitis, 50 mg. of the drug 
should be given intrathecally at twenty-fom- 
to seventy-two hour inteia'als during the 
ninety days. The value of concomitant ad- 
ministration of the sulfones and para-amino- 
salicjdic acid requires further evaluation. In 
every patient in whom the use of strepto- 
mycin is contemplated, careful consideration 
should be given to possibility of more critical 
future episodes. In milder cases it may be 
wise to administer the drug only for short 
periods or to withhold it entirely for the time 
w'hen it may be needed most urgently. — Strep- 
tomycin in the Treatment of Tuberculosis, J. B. 
Amberson & W. H. Stearns, Ann. Int. Med., 
August, 1948, 29: 221. — {H. R. Naycr) 

Superinfectlons during Antibiotic Therapy. 
— ^Two patients with pneumococcic pneumonia 
were given penicillin therapy during the course 
of which new infections due to gram-negative 
bacilli appeared. Both patients responded to 
streptomycin therapj". The mechanism by 
which the new infection occurs is not clear but 
it may be due to a disturbance in the degree of 
bacterial antagonism w’hich is normally 
present. The importance of frequent bac- 
teriologic examinations before and during 
treatment with an antibiotic is stressed. It is 
not advisable to start treatment with a com- 
bination of penicillin and streptomycin. — 
Occurrence of Superinfections during Anti- 
biotic Therapy, E. Appelbaum & TF. A. Lcff, 
J. A. M. A., September 11, 1948, 138: 119.— 
(J?. Abcles) 

Streptomycin In Pregnancy. — Two patients, 
both in the second trimester of pregnancy, 
were treated with streptom 3 'cin. One patient 
had tuberculosis of the urinary' tract and the 
other had far advanced pulmonary tuber- 
culosis. Both patients gave birth to normal 
infants without neural defects. The placenta 
was normal in both cases. — Strcp(o7niici7i 
Therapy, Effects on Fetus, E. II. ircfson & 
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B. M. Stow, J. A. M. A., Avgust S8, 1948, 
37: 1599.— {E. Abdes) 

Chemotherapy for Pulmonary Infections. — 
The number of postoperative pulmonarj' in- 
fections following major abdominal and 
thoracic procedures was greatlj' reduced by 
inhalation of relatively small doses of 
micronized penicUIia or streptomj'cin nnxtures 
during the operative and postoperative period. 
— Prevention of Postoperative Puhnonaiy In- 
fections, Inhalation of Micropowdered Peni- 
cillin and Streptomycin, G. V. Taplin, S. H. 
Cohen & E. B. Mahoney, J. A. M. A., Septem- 
ber 4, 1948, 138: 4—{H. Abdes) 

Snlphetrone for Tuberculosis. — Sulphetrone 
was administered to patients with pulmonarj’ 
tuberculosis considered unsiutable for other 
fonns of active therapy. The dose was 3 Gm. 
dailj”, given in tablets of 0.5 Gm. every four 
hours for about a week. Thereafter, the 
daily dose was gradually increased to 5 to S 
Gm. dailj’. Fluids were limited to 1,500 cc. 
daily and alkali was given with each dose. 
The patients were continued on the drug in- 
defimtely. No beneficial effect was noted in 
cases of tuberculous meningitis, miliary^ disease 
or bronchopneumonia. Only one patient 
with very' far advanced disease was benefited. 
Patients with somewhat less advanced disease 
often showed considerable improvement. 
The most frequent toxic effect was the appear- 
ance of anemia. Other side effects were head- 
ache, nausea, vomiting and rashes. — Chemo- 
therapy of Pulmonary Tuberadosis with 
Sulphetrone, T. Anderson & S. J. Strachan, 
Lancet, July 24, 1948, 2: 1S5. — (j1. G. Cohen) 

Sulphetrone for Tubcrculosts . — A total of 44 
cases of tuberculosis, of which 42 were pul- 
monary’, were treated with sulphetrone. 
Tlicre was improvement in 22, no change in 5, 
progression in G and death in 11 cases. Tiic 
improvement was considerable in 9, moderate 
in 7 and slight in G. It was not dramatic in 
any caso— Chemotherapy of Tiibcrctdosis with 
Siilphetronc,M. G. Clay A A. C. Clay, Lancet, 
July SI, 1948, 2: ISO— {A. G. Cohen) 


Sulphetrone for Tuberculosis. — Seventy 
cases of pulmonary’ tuberculosis were treated 
with sulphetrone. Prior to treatment, ferrous 
sulphate and brewer’s y’cast were admim's- 
tered for two weeks. The patients were kept 
in bed. The objective was attainment of a 
blood level of from 7.5 to 10 mg. per cent. A 
level greater than 12.5 mg. per cent was d.an- 
gerous. Because early’ doses are not well 
tolerated, these were small and were increased 
gradually. The drug w’as given intramus- 
cularly in miliary' tuberculosis and tuberculous 
meningitis. The patients were watched for 
the appearance of anemia. Alinor toxic symp- 
toms were headache, nausea, mental depres- 
sion and cyanosis. Danger signals were 
continuous headache, nausea, vomiting, 
vertigo and mental confusion. Treatment 
lasted from a few days to eighteen months. 
There were no beneficial effects in miliary 
tuberculosis or tuberculous meningitis. Im- 
provement was seen in 12 of 17 cases of acute 
fibrocaseous tuberculosis and in 13 of 22 
clironic cases. Each of 4 cases of primary' 
pulmonary tuberculosis and 6 of S cases of 
strictly exudative disease were improved. In 
the chronic hematogenous ty’pe all 4 cases were 
improved, as were 3 of 4 eases of productive 
tuberculosis. In every’ ease, the trend in 
exudative cases was halted and reversed. — 
Treatment of Ttibcmdosis teith Sulphetrone, 
D. G. Madigan, Lancet, July St, 1948, 2: 174- 
— (A. G. Cohen) 

Experimental Chemotherapy in Mice. — 

A rcaiew of the literature on the use of the 
mouse in the study’ of experimental tuber- 
culosis cona’inced the authors that mouse 
tuberculosis has not been sufficiently’ deline- 
ated for practical purpose.s. Wien ajijirojiri- 
ate allowances are made for scv’oml v.ari.ablc-s, 
however, a common pattern begins to emerge. 

It w.as concluded that: (/) the white inou.-^c is 
more resistant to tuberculou.s infection than 
mo.st manuualian .species; {2) it can be easily 
and regularly infccterl with the mammalian 
and a%ian varieties of M. tuberculosis by .a 
variety of routes; (S) the lesions producrsl are 
quite divcrsifitxl and arc not hlstologic-ally 
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identical witli those described for other species; 
and (4) the particular histoarcliitecture ob- 
sei'ved depends upon the variety, virulence 
and dose of infecting organism, the route of 
inoculation, and the time of observation. It is 
apparent that the histopathologic picture pro- 
duced by a given set of the foregoing variables 
must be standardized before its alteration by 
any therapeutic agent can be evaluated. — 
The Use of Mice in Experimental Chemo- 
therapy of Tiibercidosis: I. Rationale and Re- 
view of the Literature. G. W. Raleigh & 
G. P. Youmans, J. Infect. Die., May-June, 
194s, 82: 197.— {F. G. Pelrik) 

Experimental Tuberculosis in Mice. — ^The 
evolution of mouse tuberculosis under stand- 
ardized experimental conditions is described. 
The clinical and histopathologic pattern is 
defined and it is felt that potential therapeutic 
agents can be recognized by the alterations 
they induce in this pattern. The Use of 
Mice in Experimental Chemotherapy of Tuber- 
culosis-. II. Pathology and Pathogenesis. G. 
TF. Raleigh & G. P. Youmans, J. Infect. 
Bis., May-June, 1948, 82: SOS. — (F. G. 
Petrik) 

Experimental Chemotherapy in Mice. — 
Twenty potential chemotherapeutic agents 
were administered to tuberculous mice. 
Under aseptic precautions 0.1 mg. of virulent 
human type tubercle bacilli was injected intra- 
venously into mice of the Strong A strain 
weighing between 20 and 25 Gm. The com- 
pounds were administered to the mice by ad- 
mixture with the diet, except streptomycin 
which was given subcutaneously. The com- 
pounds tested were selected either on the basis 
of in vitro bacteriostatic tests or on the basis 
of known chemotherapeutic action . Adminis- 
tration of each drug was begmi two to three 
days before the animals were infected with 
tubercle bacilli and was continued with all 
compounds, axcept streptomycin, for twenty- 
eight days. Streptom3Tin treatment was 
started on the day of infection and extended 
over 35 dai’s. Treated mice were compared 
in every respect with homologous control ani- 


mals infected at the same time. Of the 20 
compounds tested only streptomycin and para- 
aminosalicylic acid were found to be appreci- 
ably effective. It is felt that survival time, 
weight change and the histopathologic picture 
constitute a triad of useful measures in the 
assay of any chemotherapeutic agent and that 
of these tln-ee determinations the latter is most 
important . — The Use of Mice in Experi- 
mental Chemotherapy of Tuberculosis: III. 
The Histopathologic Assay of Chemotherapeutic 
Action, G. P. Youmans & G. W. Raleigh, 
J. Infect. Bis., May-June, 1948, 82: SSI . — 
(F. G. Petrik) 

Aerosol Antibiotic Administration. — The ef- 
ficacy of nebulization therapy depends on the 
local effect of the antibiotic in the bronchial 
tree and is not dependent on the absorbtion 
of the antibiotic by the blood. Penicillin 
“aerosol” therapy is indicated for infections 
of the tracheobronchial tree caused by bacteria 
which are sensitive to penicillin; streptomycin 
“aerosol” is indicated for those infections 
caused by streptomycin-sensitive organisms. 
Penicillin and streptomycin “aerosols” have 
proved to be of greatest value in the eradica- 
tion of purulent exudates complicating bron- 
chiectasis. The method has been of particular 
value in the preoperative preparation of pa- 
tients for lobectomJ^ “Aerosols” of penicillin 
or streptomycin are sometimes helpful in the 
treatment of nontuberculous lung abscess. 
Their Amlue is limited by the difficulty in 
getting the drug into the diseased portion of 
the lung. Nebulization therapy maj’’ be 
helpful in treating patients mth asthma, 
emphysema, and clu-onic bronchitis onlj' if 
these conditions are associated with infections 
of the bronchial tree caused by bacteria sensi- 
tive to the antibiotic used. “Aerosols” are 
of no value in treatment of respirator}^ infec- 
tions caused by ^druses . — Administration of 
Antibiotic Preparations by the Aerosol Method: 
A Critical Evaluation, A. M. Olsen, Medical 
Clinics of North America, July, 1948, 32: 
1077.— {L. Hyde) 

Postural Changes in Vital Capacity. — ^The 
vital capacities were determined in 9 adult 
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stasis may be entirely obliterated while in 
others it becomes less pronounced. In cases 
of acute bronchopneumonia the difluse, 
opaque network of the paronchj'ma apiJcars 
thinner and the opacity is less i)ronounccd 
but more sharply defined in films made at 
high pressure. Altering the intra-alvcolar 
pressure causes little or no change in the 
roentgenographic appearance of acute lobar 
pneumonia, acute and chronic atelectasis, 
chronic pneumonia and in mo.st cases of 
tuberculosis. Cases illustrative of the var- 
ious tildes of pulmonary diserse discussed 
are presented . — The hnporlance of hitra-ahvo- 
lar Pressure in {he Diagnosis of Pulmonary 
Diseases, N. Weslermark, Radiology, May, 
194S, SO: 610.~{G. F. MiicJicll) 

Pulmonary Edema. — ^The intracranial pres- 
sure was increased in dogs up to over 300 mm. 
of mercury'. This did not cause pulmonary 
edema. However, a condition resembling pul- 
monary' edema may be produced in such e.v- 
periments due to the aspiration of sidiva. — 
An Adcnipi to Produce Ptdmonary Edema by 
Increased Intracranial Pressure, .4. Surtshin, 
L. N. Katz & S. Rodbard, Am. J. Physiol., 
March 1, 1948, 1S2: 6S9.~{G. C. Lcincr) 

Pulmonary Arterial Blood Pressure. — In 
anesthetized cats, mc,asurcments of the pres- 
sure in the pulmonary artery were made by' 
means of a cannula inserted into the pul- 
monary' artery'. In some instances there were 
indications of a nervous influence on the pul- 
'.monary arterial pressure. Inhalation of car- 
bon dioxide produced increase in the pressure; 
oxygen want had a similar but stronger effect. 
O.xy'gen inlialation produced a drop of the 
pressiue. Increase of inspiratoiy' or expira- 
tory' resistance increased the pulmonary' ar- 
terial pressure. The blood flow through any 
part of the lungs depends on its ventilation, 
the flow shifting from badly' ventilated parts 
of the lungs to parts which are well ventilated. 
— Regidation of Ptdmonary Arterial Blood 
Pressure, G. Liljestrand, Arch. Ini. Med., 
February, 1948, 81: 162.~{G. C. Leiner) 


Pulmonary Vascular Diseases. — ^The causes 
of peripheral vascular disease of the lung may' 
be grouped as follows: (1) intrimsic disease of 
the vassal wall or obstruction of the lumen; 
(2) changes in vessels produced by adjacent 
disaase of the pulmonary' parenchyma; and 
(S) to.xic and hy'persensltlvity states resulting 
in increased permaability of vessel walls. 
Arteriosclerosis, artcriolosclerosis and pul- 
monary hypertension cause cliangcs in the 
pulmonary vessels. Obliterative vascular dis- 
ease regularly' accompanies advanced pul- 
monary cnjphysema. Obstniction of the 
r’ascular lumen may be due to n great variety 
of conditions: foreign material, septic, organic, 
or inorganic fragments circulating in the sy's- 
temic blood vessels, neopLasms, blood dy'sera- 
sia, and parasitic infestations. Vascular 
changes are produced by' the adjacent disease 
in acute pneumonia, in chronic inflanunatory' 
conditions and neoplasms, in tuberculosis and 
in siHco!!is. Some pathologic lesions are asso- 
ciated with a great variety of conditions: 
poisoning with sulfonamide compounds, serum 
sickness, eczema, lupus crythemathosus, acute 
rheumatic fever, and periarteritis nodosa. 
If sensitization becomes profound, organic 
destruction of the vessel wall occurs with 
necrosis. The effects of exogenous and endog- 
enus toxins on the walls of small vessels are 
identiaal with the manifestations of hyper- 
sensitbity'. Vascular permeability' may be 
altered in long standing protein deficiency', 
in beri-beri, and in a peculiar iron deficiency 
described by Waldenstrom . — Peripheral Fos- 
cidar Disease in the Ltmg, Roentgenologic 
Manifestations, R. P. Barden & D. A. 
Cooper, J. A. M. A., June 12, 1948, 137: 
584- — {11 • Aheles) 

Latyngeal Swab in Pulmonary Tubercu- 
losis. — In 201 patients with radiological e^i- 
dence of tuberculosis but with no sputum or 
with no demonstrable tubercle bacilli in the 
sputum, cultures were made of gastric con- 
tents and laryngeal sw'abs. Gastric lavage 
was slightly' superior for obtaining cultures of 
tubercle bacilli from, inpatients; there was no 
difference in the results of the 2 methods for 
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THORACOPLASTY IN THE TREATMENT OF PULMONARY- . 

TUBERCULOSIS' •- 

An Annhsis of Results Five to Twenty-six Years after Operation 

T. .i. KlNt^LLl.A. K. S. MAltlKTTK, 1’. M. MATilJ,, K. 1’. K. FKXGKR, V. K. FUNK, 
L. M. LARSON, S. S. COUKX and F. C. XKAIKC 

IXTUODt'CTlOX 

ICxtnipk'uml thonu'oplnsty has occupit'd a role of increasing importance over 
the years in the surgical treatment of pulmonary tulierciilosis. Tlie value of the 
procedure in situations wlierc it is definitely indicated lias never lieen seriously 
challenged and the early results ohfaiiUHl have heen eminently satisfactoiy. 
Because of the treacherous nature of tuberculosis and the tendency for its vic- 
tims to undergo i-elapses and exacerbations of the disease from time to time, it 
vas felt that a careful analysis of the late results obtainefl in a large series of 
patients, cai-cfully controlled and accurately followed for many years, might 
reveal much information of value in guiding the future handling of this disease. 

OnSKUVATIOX.S 

Glen Lake Sanatorium, a public institution of 010 adult bed (‘apacity, caring 
for the tuberculous individuals of Hennepin County, including Minneapolis, 
was first opened in 1010 and has been in continuous oiieration for the past thirty- 
two years. IDuring the perioci of this .study, lOKi through 10-12, a total of 6,394 
patients .sufi'ering from pulmonary tuberculosis wore admitlod to this institution 
for treatment. This group included 3,773 patients with far advanced disease, 
1,978 with moderately advanc^ed disease, and 093 with minimal tuberculosis. 
The .senior medical and sui-gical stafT has, with one or two exceptions, remained 
almost unchanged for the entire period. Thus the factors of indications, selec- 
tions of patients, preoperative and po.st operative care and the like, wliich might 
influence the .series, have remained remarkably constant throughout except as 
altered bj' accrued experience. 

The fii-st thoracoplasty operation at Glen L.ake Sanatorium was perfoimed on 
January 22, 1922 by the late Dr. Arthur A. Law who pioneered through the 
early portion of the series. He remained the surgical director until earl}’’ in 1928 
and on his retirement was succeeded by one of the writers (T. J. K.). Since the 
fall of 1940 another two of the Avriters (Y. K. F. and L. M. L.) have carried on 
the surgical work. During the study, a total of 613 patients, or 9.6 per cent of 
the patients with pulmonary tuberculosis admitted to the institution from 1916 
to 1943, were subjected to thoracoplasty. Six hundred and nine of these patients 
had unilateral thoracoplasty carried out in 1,562 operations, while four had 

' From the Glen Lake Sanatorium, Oak Terrace, Minnesota. 

■ Presented before the Medical Section, as part of the symposium on Surgery — Trends — 
Late Results, at the 44th Annual Meeting of the National Tuberculosis Association, Nbav 
York, New Y'ork, Juno IG, 194S. 
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The interval between operations in the earlier portion of the series was exces- 
sivety long, at times even a matter of several months. Gradual^, howeA’^er, as 
the series developed, an interval of approximate!}'- three weeks between stages 
Avas adopted and aa'rs utilized in the majority of the cases. JM'ore recently this 
interval has been reduced to tA\'0 AA-eeks. 

All of the earlier thoracoplasties were carried out in an extremely rapid time 
“AA'ith one eye on the clock” in an attempt to complete the operation before shock 
supeiwened. Records as Ioav as nine minutes from incision to last stitch of closure 
for a loAver stage six rib thoracoplasty, and elcA'en minutes from incision to last 
stitch of closure for an upper stage five rib thoracoplasty Avere made. Needless 
to sa}”-, excessive blood loss, long residual A'ertebral rib stumps, perforation of the 



Fig. 1. Balloons used in posturing patient on the operating table. 


pleura, and severe shock Avere frequently encountered. With improA'ements in 
technique and particularly AAuth a change to local infiltration as the anesthesia 
of choice in 1929 , the emphasis on speed Avas discarded and a more careful, 
meticulous type of thoracoplast}'- carried out, resulting in impiwed postoperatme 
condition of the patients. liWiile some of the earlier operations Avere carried 
out in the direct lateral position, a change aa’us soon made to a three-quai’ters 
prone position AA'hich has been used consistently ever since. This position ma}'" 
be seen in figures 1 and 2 , AAhich illustrate the balloons used in posturing the 
patient and the patient in operatiA’-e position upon the table. 

Blood loss in the earlier thoracoplasty operations AA'as not calculated, but is 
knoAATi to have been excesswe. Calculations of the aA'erage blood loss for 
nearly 100 thoracoplasty stages carried out under local anesthesia AA’ere reported 
in 1937 ( 1 ) as folloAvs: upper postei-ior thoracoplasty three to four ribs, 450 cc. 
blood loss; intermediate posterior thoracoplasty three to four ribs, 296 cc.; IcAA'cr 
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TJic original opci'alions in the series were done entirclj^ under nitrous oxide 
anesthesia, but \'ery soon paravertebral block with novocain followed b}-" nitrous 
oxide anesthesia became the routine anesthetic. Through 1928 and 1929 occa- 
sional cases were done under local anesthesia alone. With increasing experience, 
local anesthesia became the anesthetic of choice and thereafter Avas used almost 
exclusivel.Y for operations which could be carried on under this type of anesthesia 
alone. In no instance was it necessary to change to a general anesthesia when 
this sequence had not been anticipated before surgeiy was undertaken. Nitrous 
oxide, ethylene, or cyclopropane were administered in addition to the local 
anesthesia in a few instances. The general impression that under local infiltra- 



Fig. 3. Support of chest while patient is encouraged to cough. 


tion anesthesia the patients came through their surgery in better condition with 
less shock, less blood loss and in better general condition has been ,adequatel 3 " 
confirmed over the j'ears. The ability of the patient to cough and expectorate 
during, as well as immediate^ following, surgery has been a distinct advantage, 
particular!}^ in the patient with larger amounts of sputum. 

Postoperative Care 

Postoperativelj'’ there are a number of points which were considered important 
to the safety and comfort of the patient. In order to avoid aspiration of material 
into the good lung, care was taken never to turn the patient or allow the patient 
to turn so that the uninvolved lung Avas dependent AA'hile aAA'ake or asleep. 
Opiates AA-ere used in dosage sufficient to control distress but not to destro}’' the 
cough reflex. The patient AA’as required to cough and expectorate sputum at 
intervals from the time of surgeiy, using expectorants and proper support to the 
deribbed chest AA'all, as illustrated in figure 3. Fluids Avere routinely admmistered 
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l)ost opera lively by retention enema and by tlie intravenous or sulientaneoiis 
routes when nceessary. Transfusions were used on but few oeeasions in the 
whole series. Patients were permitted and eneoura;je<l to take fluids and food In- 
mouth as soon as tolerated. Many patients were abk' to take a reasonably 
normal meal within a few houi-s after the operation. 

If any paradoxical chest wall motion was noted, .sandbars were immediately 
applied to the area or if necessary the chest was firmly strapjied with adhesive 
tape over rubber sponges. Local area dre.ssings were changed as necessary. 
Penro.se drain tubes which were used routinely were removed in approximately 
forty-eight hours. Patients were encouraged and urged to move around as soon 
as {)ossible after surgery. They were routinely rt'cpiired to sit up for ilre.ssings 
the morning following the operation and sub.sequently at freciuent intervals. 
Early motion of the arm and .shotdder on the ojK'rated side was insisted upon and 
every attempt was made to keep the i)alient from feeling that the operation would 
in any way cripple him. Because surgery alone does not cure tuberculosis, all 
patients were maintained on strict IxHl-rest fora j)criod of at. le.ast six months 
following the completion of all stages of the thoracoplasty procedure. 


Morlaliln 

Twenty-two of the (113 patients in the entire series died within fourteen days 
of the operatioti (table -1). This repre.<ents a mortality rale of 3.o!) per ct'iU uer 
patient and I.-IO percent per oj)era(ion. total of 31 p;it ients died within eight 
weeks of the time of operation, yielding an eight weeks’ mortality of ,■)..').■) per c(‘nt 
per patient or 2.1(1 per cent per operation (Table o). One patient died upon the 
operating table and two others died during the first twenty-four hoiu>' following 
surgery, api)aren(ly from shock, 'f'hrcc' ilied on tlu' second day following oper- 
ation, one on tlu' third, 2 on tlu' fourlli, 3 on the fifth, 2 on the seventh, one on 
t he eighth, 2 on (he ninth, 2 on the tenth, ;ind 2 on the ck'vent h day after surgeiA’. 
El(*\'en of the deaths may justly be attributed to an extemsion of the tiilKTculn'is. 
'I’wo of the- pat ients flefinilely .-ispirated materi:il through a bronchial fistula to 
cause t he sjwead of the disease. .\n additional [)al i(‘nt , eoiisiiiered .at po-t mortem 
examination as having died <if asphyxia, probably aNo .-lioiild have been cla--i- 
tieil as :i tuberculous death. Two, uho on the death eei't itie.atcs were h-ted a- 
pneiimonia, were jiroveii at po-tmortem examination to h:i\e noiii uiiereiilon-' 
piieiunoiiias. t )ne patient was listed as dying of pnlinoiiary <'dema. otic lio:n 
richt heart failure and one on po'imortem examin.aiion a- tiiberenlous myo- 
•’.arditi- and rhiaunatie endoe.ardit i-. inakini: a total of p.atients a|ip.arent !>' 
dviim of eardi.ae conditions. One ilitsi from a cia'eltral va-'ailar .aei ideiii, [irofe 
.•iblv ri-'Ulting from lo',\ blo-sl {»ri--nri‘ a.nd thnitnlio-i-. one from ,a puhnoti;'.;;. 
einboli'tn on the eighth jio-tojverat ive d;ty. attd one [latient from an aeci.f, tit.-.f 
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Ah additional 12 patients died of the following causes within six weeks or two 
months of operation: S from pulmonaij^ tuberculosis; one from tuberculous 
meningitis; one from pulmonary embolism; one from chest wall flutter; and one 
from cardiovascular failure wnth peripheral edema. One of the tuberculous 
deaths in this group also resulted from aspiration of pus from a pyopneumothorax 
cavity through a bronchial fistula. The cause of death in 7 of this group was 
confirmed by postmortem studies. 

A graphic representation of how the operative mortality has decreased with 
the development of the series may be seen in figure 4. Each vertical column in 
the figure represents the number of operations (and the number of patients sub- 



Fio. 4. Postoperative thoracoplastic deaths S weeks. 


jected to surgery) which were performed during the various periods of time which 
elapsed between any two postoperative deaths. All deaths, regardless of cause, 
which occurred during the eight week period following operation are included. 
The death which interrupted the series on May 13, 1934, after 208 consecutive 
operations on 87 patients, was caused by an accidental pneumothorax on the 
contralateral side induced in an attempt to refill a pneumothorax pocket present 
before operation. The operative mortality (within eight wrecks) since 1931 has 
been 3.0 per cent per patient and 1.16 per cent per operation. It is interesting 
to note that 59 per cent of the mortality within eight weeks has occurred in the 
first 21 per cent of the series. 

Shock was a verj^ prominent feature in all of the earlier operations and was 
frequently of severe degree. It is very difficult from the study of charts alone to 
obtain any accurate indications of the frequency of this condition because of the 



LATE RESULTS AFTER THORACOPLASTY 


123 


great variation in its degree and in the interpretation of what constitutes shock. 
Three patients definitely died in this state. In the latter portion of the series 
shock became a factor of much less importance and in a severe form was rarely, 
if ever, seen. 

Blood transfusions were rarely used in this series which was carried out before 
the days of blood banks with blood freely available. It is quite probable that in 
the early portion of the series especially the use of blood transfusions would have 
been a distinct advantage. They have not been necessary in the latter portion 
of the series, but might definitely have hastened the recovery of some patients 
and possibly offered a chance for a shorter interval between stages than the one 
customarily used. 

Major wound infections were not of frequent occurrence and records of only 
35 or 2.2 per cent can be found listed. Perforation of the pleura was noted not 
infrequently in the early portion of the series where an extremely rapid surgical 
resection was carried out. In the latter portion of the series, however, with a 
more careful operative technique, perforations have rarely occurred. Tubercu- 
lous sinuses resulting from damage to lung, pleura or to tuberculous lymph nodes 
have been recorded in only 6 patients in the whole series. 

Scoliosis of any degree whatsoever as noted on the roentgenogram has been 
reported in 165 patients or 26.9 per cent of the entire series, but in only 13 (2.12 
per cent) was it either moderate or marked. It was seen most frequently in 
young people, particularly in young girls of poor musculature. Scoliosis can be 
produced, however, by destruction of portions of the erector spinae group of 
muscles or their nerve supply, or by resection of transverse processes which 
represent the only remaining site of muscle attachment after removal of the ribs. 
No planned program for prevention and treatment of scoliosis was used in this 
series as it was deemed unnecessary because of the low incidence and slight 
degree of this complication. 


Spread of Disease 

A spread or exacerbation of tuberculosis was encountered 94 times in 90 pa- 
tients in this' series which represents a rate of 14.66 per cent per patient or 6.34 
per cent per operation. Thirty-four “spreads” occurred in areas not previously 
involved with tuberculosis, while 60 occurred in areas in which there had pre- 
■ viously been tuberculous disease. The latter group raises the question of how 
much of the total figure represents exacerbation of previously existing disease. 
This question cannot be definitely ansn^ered and it is probable that most of the 
new lesions represent a bronchiogenic spread of disease. In only 10 of the pa- 
tients was the “spread” on the same side as the thoracoplasty. It is noteworthy 
that one-half of the patients who developed an extension of disease on the same 
side had a paralyzed diaphragm on that side at the time of surgery. 

Thirty-eight of the patients who developed extension of disease were operated 
upon for large cavities, 29 for small cavities, 17 for pyopneumothorax, and 6 for 
miscellaneous causes. It is interesting to note that 5 of the patients with pyo- 
pneumothorax who developed a spread of disease had a definite bronchial fistula 
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present at the time of surgeiy. The hazard of a bronchial fistula in the patient 
mth a pj’-opneumothorax cannot be too stronglj’- emphasized. Sixty- two of 
these patients were operated upon imder local anesthesia, 21 under gas and local 
infiltration, 3 under etlydene, one under nitrous oxide alone, one under spinal 
anesthesia, and one under eth 3 'lene and local anesthesia, and one under an anes- 
thetic of unstated t 3 ’pe. The incidence of “spread” after local anesthesia was 
4.9 per cent, wliile imder general anesthesia it was 8.4 per cent. i\Ian 3 ' other 
factors besides anesthetic alone must be considered in' the development of a 
bronchiogenic spread of tuberculosis following thoracoplast 3 ^ Important among 
these are medications before and after operation, the ability to expectorate, the 
cooperation of the patient, his position in moving, and his position in bed. 
Consequent^ any correlation of “spread” to anesthesia is not an exact one. A 
spread of disease occurred after the first operation in 50 instances, after the second 
in 24, after the third in 16, after the fourth in 3 and once after the fifth operation. 
Among the 90 patients who developed a spread of tuberculosis following surger 3 '‘, 
11 died within the first two weeks after surgeiy, and 7 within the subsequent six 
weeks. Thus a total of IS or 20 per cent died within two months. Eleven more 
patients died within the first 3 ’'ear, 10 within tlie second 3 ’’ear, and 19 at times 
var 3 ’’ing from three to thirteen years after surgery. The spread of tuberculosis 
postoperatively was definitel 3 ’’ a causative factor in the subsequent death of the 
majority of these mdividuals who died within two 3 ’-ears. 

RESULTS 

Four hundred and ten, or 66.8 per cent of the entire series operated upon, still 
sundve for a period of five to twent 3 ''-six 3 ’-ears following surger 3 ’', giving a series 
moitalit 3 ’’ for all causes of 33.12 per cent. If the 34 patients who died at various 
times up to eighteen 3 ’’eai's following surger 3 ’- from causes totally unrelated to 
tuberculosis are deducted from the total number of patients now dead, it ma 3 ’’ 
be seen that 27.57 per cent of the entire group of 613 thoracoplast 3 ’- patients 
eventually died, either earl 3 ’’ or late, from tuberculosis or its complications. 
Among the causes of death unrelated to tuberculosis are: carcinoma, 9 patients; 
suicide, 6; accidents, 5; nontuberculous appendicitis and peritonitis, 3; cardio- 
vascular complications, 3; ps 3 ’-cliosis, 2; nontuberculous pneumonia, 2; mesen- 
teric thrombosis, one; meningococcic meningitis, one; nephritis following scarlet 
fever, one; and operation for a nontuberculous condition, one. As near as can 
be deteimined, the tuberculosis was under control at the time of death in all of 
these patients. These survival figures and the accompan 3 dng tables clearly 
indicate the stabilit 3 ’’ of these lesions in these individuals once the tuberculosis 
has been controlled b 3 ’' means of extrapleural thoracoplast 3 '. 

Cavity Closure and Reversal of l7ifectiousncss 

In 88.1 per cent of the patients whose sputum contained tubercle bacilli prior 
to surger 3 ', the organisms subsequently disappeared from the sputum, according 
to the direct ex.amination teclmique used at the sanatorium over the years covered 
b 3 ' the stud 3 \ Undoubtedh', cultures of sputum or cultures of gastric washings 
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or guinea pig inoculations would alter this percentage materially but, as these 
procedures were not in use consistently over the years, they were not considered 
in this study where a unifoi-m listing was desirable. As may be seen in table 6, 
of the patients who presented large cavities (more than 4 cm. in any one diameter 
prior to surgerjO, closure was obtained in only 49.6 per cent, vdth disappearance 
of tubercle bacilli from the sputum in 76.5 per cent. In the patients with small 
ca\dties (table 7), the incidence of cavity closure was considerably greater, namely 

TABLE G 


Cavity closure and ‘’sputum conversion" 
{Large cavities) 





SPUTUM 



TOTAL 

1 

PosiUve Before 

Negative 

; Before 



Negative 

after 

Positive 

after 

Negative 

after 

Positive 

after 

Closed 

70 

58 

8 

4 

0 

Open 

71 

43 

23 

5 

0 

Total 

141 . 

101 

31 

9 

0 


49.6 per cent cavity closure. 

76.5 per cent “sputum conversion.” 


TABLE 7 

• Cavity closure and "sputum conversion" 
{Small capities) 




j SPUTUM 


! 

TOTAL 

Positive Before 

Negative Before 



Negative 

Positive 

Negative 

Positive 



after 

after 

after 

after 

Closed 

218 


■■ 

77 

1 

Open 

99 

■■ 


28 

1 

Total 

317 

191 

19 

105 

2 


68.7 per cent cavity closure. 

91.0 per cent “sputum conversion.” 


68.7 per cent, with “sputum converaion” in 90.95 per cent. Further analysis of 
the late results of the patients operated upon because of large and small cavity, 
with particular reference to mortality, both early and late, in relation to cavity 
closure and “sputum conversion” is not complete and will be published at a 
later date. 

Pyopneumothorax 

Ninety-four patients were operated upon because of pyopneumothorax. In 
this group, obliteration of the empyema pocket was obtained in 61 and question- 
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able closure in one additional patient, or 67.3 per cent of the patients operated 
upon for this condition. Failure of closure occurred in 32.7 per cent of those 
who survived the surgery. In this entire group, 5 died within two weeks with 
empyema pocket unclosed, one under eight weelrs with the empyema pocket 
unclosed, and 6 additional patients withiu one year, 2 with the empyema pockets 
obliterated and 4 unobliterated. Twenty-five additional patients of this series 
died after periods longer than one year following the surger 3 ', and of these 25, 
obliteration of the empyema pocket had failed to occur in 11, w'hile 13 such 
cavities were definitely closed and one questionably closed at the time of death. 
Fifty-nine and seven-tenths per cent of the entire group still survive. The 
presence of a bronchial fistula in this group proved a distinct hazard for 5 of the 
group of 17 developed a contralateral spread of disease following surgery. 

Supplementary operations to the standard thoracoplast 3 ’- w'ere frequently 
necessary in this series of empyemas, a complication w'hich as a rule demands a 
much more extensive thoracoplasty and more numerous stages than uncompli- 
cated pulmonary tuberculosis. Catheter drainage, rib resection for open drain- 
age, unroofing operations, and plastic closures were all utilized in various patients 
in this group in an attempt to bring about obKteration of the pleural cavity. As 
many as seven or eight separate operations were required in some patients. In- 
creased experience in handling empyemas has produced better results. Catheter 
drainage at the base laterally has been considered mandatory in all patients with 
definite or suspected bronchial fistulae or secondary infection. Moreover, with 
chemotherapeutic agents available, catheter drainage has been used with increas- 
ing frequency and to advantage in patients with straight tuberculous pyonpeurao- 
thorax without secondary infection. Closed drainage with or without irrigation 
or continuous suction has been of distinct value in removing all fluid from the 
pocket and reducing its size and bringing about more rapid obliteration of the 
pleural space during the course of the collapse procedures. A more complete 
report of this group will be made in a future communication. 

Revised Operations 

A series of 63 patients have been subjected to various t 3 'pes of supplemental^' 
and revision operations with and without packs in attempts to improve the results 
w'hen the primary surgical procedures had not been entirely satisfactor 3 '. In 
general, these procedures were w'ell tolerated and aided materially in improving 
the clinical result. Cavit 3 ' closure occurred in 56.6 per cent and “sputum con- 
version” occurred in 73 per cent of this group of 63 patients. 

SUJBIAEY 

1. Thoracoplast 3 ' was performed on 613 tuberculous patients (1,474 individual 
operations) during the twenty 3 'ear period 1922 to 1943. 

2. Sixt 3 '-sLx and eight-tenths per cent of the patients are alive five to twenty- 
six 3 'ears after operation; 27.57 per cent ultimately died of tuberculosis or its 
complications. 

3. The operative mortalities were 3.59 per cent per patient (1.4 per cent per 
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operation) during the two weelcs after surgery. During the eight weelcs after 
operation the mortality was 5.55 per cent per patient and 1.16 per cent per 
operation. 

4. Since 1931 the postoperative mortality (eight weeks) has been 3 per cent 
per patient and I.IG per cent per operation. 

SUAIARIO 

La Toracophslia cn cl Tralamicnio dc la Ttthercidos Pithnonar: Andlisis de los 
Rcsxdtados dc Cinco a Vcintis^s Afios dcspii6s de la Operacion 

1. En el veintenio 1922-1943 se ejecutd la toracoplastia en 613 tuberculoses 
(1,574 distintas operaciones). 

2. De estos enfermos, 66.S por ciento se hallan vivos de cinco a veintis4is 
afios despuds de la operacidn; 27.57 por ciento murieron por fin de tuberculosis 
o de las complicaciones'de la misma. 

3. La mortalidad operatoria representd 3.59 por cien enfermos (1.4 por cien 
operaciones) en las dos semanas consecutivas a la intervencidn. Durante las 
ocho semanas consecutivas a la intervencidn la mortalidad se elevd a 5.55 por 
cien enfermos y 1.16 por cien o operaciones. 

4. Desde 1931 la mortalidad postoperatoria (ocho semanas) ha sido de 3.0 
por ciento en enfermos y de 1.16 por ciento en operaciones. 
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SIGNIFICANT ELECTROCARDIOGRAPHIC CHANGES 
FOLLOWING CHEST SURGERY'’ = 


Electrocardiographic Changes Currently Considered Indicative of Serious Heart Disease 
Occurring Postoperatively in Patients with Complete Absence of Clinical 
Manifestations of Heart Disease 

SOLOilON M. RAUCHWERGER and FREDERICK A. ERSKINE 

INTRODUCTION 

The limits of normal electrocardiographic patterns have not been completel}’’ 
defined as yet. During World War II many studies were made at induction 
centers and military installations by competent investigators and numerous new 
variations of the normal pattern were reported (1). On the basis of this fact 
alone, it has been emphasized repeatedly that a diagnosis of myocardial damage 
should not be made solely on the basis of electrocardiographic findings. 

A correlation study of the electrocardiographic findings and subsequent clinical 
course of 112 patients who were subjected to chest surger3’^ has been undertaken. 
The surgical procedures were performed during a five j^ear period from 1913 to 
1948 at a 1,000-bed tuberculosis sanatorium and electrocardiograms were ob- 
tained before and after operation in all of the patients studied. It was noted 
early in the study that T-wave changes in Lead I and Lead IV, usually inter- 
preted as signifying the presence of severe myocardial damage (3, 8, 9), occurred 
with notable frequency vuthout subsequent clinical evidence of heart disease. 

Because of this significant feature and also because there is relatively little in- 
formation in the literature concerning electrocardiographic changes following 
thoracoplasty and other forms of chest surgery, the findings are reported. The 
benign course followed by these patients and the amount of additional surgery 
well tolerated after the T-wave changes occurred suggest that a revision of the 
electrocardiographic criteria for inoperability may be in order. Three patients 
included in this series did develop the electrocardiographic and clinical findings 
characteristic of well-knovm, specific disease states and these cases are discussed 
in detail below. 

METHODS AND MATERLALS 

The patients comprising this series, with the exception of 4 with bronchiectasis 
and 2 with pulmonar}’^ abscess, all had pulmonary tuberculosis for which surgery 
had been performed. There were 93 thoracoplasties, 42 on the left side and 51 
on the right; 9 pneumonectomies, 3 primary and 6 secondary’’ to a thoracoplasty; 
and 12 lobectomies, S primarj’^ and 4 secondary to a thoracoplasty. The axcision 
cases combined with a thoracoplasty were considered as thoracoplasties in tabu- 

> From the Department of Medicine and Surgcrj-, Veterans .\dministration Oteon, North 
Carolina. 

= Published with permission of the Chief Medic.al Officer, Department of Medicine and 
Surgery, Veterans Administr.ation, who assumes no responsibility for the opinions expressed 
or conclusions drawn by the authors. 
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TABLE 1 


Tabic of T-tcarc chanpcs following various forms of chest surgery 


TYPE or COLLAPSE 

.NUMDER 
or PA- 
1 TIEN'TS 

T. 

(I) 

Ti 

(L) 

Ti 

(D) 

Tt 

(I) 

(L) 

T. 

(D) 

Ti 

(I) 

Ti 

(L) 

T, 

(D) 

Ti 

(I) 

Ti 

(L) 

Ti 

(D) 

TOTAL 

KUMDER 

OF 

CHANGES 

Thoracopl.asty right 

51 

0 

S 

2 

0 

5 

0 

5 

3 

4 

2 

2 

1 

32 

Thoracoplasty left. . 

42 

7 

12 

6 

2 

5 

1 

4 

2 

2 

6 

2 

5 

54 

Lobectomy 

S 

0 

2 


0 

0 

0 

1 

0 

2 

1 

1 

1 

8 

Pneumonectomy 

3 

1 

1 


0 

0 

0 

1 

0 ' 

0 

1 

2 

1 

9 

Lucite pack 

8 

0 

3 


0 

1 

0 

i 

4 

1 

1 

1 

0 

0 

1 

1 

12 


(I) = inversion. 

(L) = low or isoelectric. 
(D) = dipliasicit}'. 
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riG. l. Case 1 (Ago 26). Roentgenogram revealed bilateral pulmonary tuberculosis with 
cavitation on the left. Previous collapse therapj' consisted of a left pneumothorax, left 
phreniclasia, and pneumoperitoneum. A three-stage left thoracoplastj' was performed be- 
tween September 22 and December 3, 1947. Cyclopropane and ether were the anesthetic 
agents employed. Blood pressure was labile ranging from llO/SO to 140/100. The electro- 
cardiographic pattern observed occurred following the first-stage thoracoplasty. 

(A) Before thoracoplasty — T4 negative; (B) after first stage — negative Tj; diphasic Ts; 
negative T4; (C) before third stage— negative T,; diphasic Ts, Tj; negative T4. (D) After 
completion of thoracoplasty— negative, low Ti; negative Tj. 
























Fig. 2. Case 2 (Age 55). Chest roentgenogram revealed extensive fibro-exudative disease 
wth cavitation on the left and a fibrolic lesion on the right. This patient had a three-stage 
left thoracoplasty including a revision thoracoplasty performed between November 5, 1013, 
and September 22, 1944. On June 17, 1947, a left pneumonectomy was done. Again cyclo- 
propane and ether were the anesthetic agents. The electrocardiographic changes scon in 
tracing dated December 15, 1947 were first noted June 20, 1947 but the fracing for this date 
could not be located. 

(A) Before surgery — normal tracing; (D) Following pneumonectomy — Ti isoelectric. 

Each patient had a complete cardiac examination, including an electrocardio- 
gram, before and after operations. The electrocardiographic study included tiic 
four standard leads (I, II, III, and CF IV) in all cases, and in the doubtful cases 
the six classical chest leads were also employed. In addition, an electrocardio- 
gram was made prior to each stage of thoracoplasty. The examinations also 
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included a clinical evaluation of the patient on the morning sui'geiy was to be 
performed. 
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Fig. 3. Case 3 (Age 52). Patient was admitted with a diagnosis of far advanced pul- 
monary tuberculosis with cavitation on the right. A three-stage right thoracoplasty was 
done between April 7 and Maj’ 13, 1947. On November 12, 1947, he had an excision of an 
osteomyelitic rib. Appro.ximately twenty-four hours later, he developed signs and symp- 
toms of a pulmonary embolism on the left side, manifested by sudden onset of severe pain 
in the chest, more marked on the left, and accompanied by evidence of shock. Anticoagu- 
lants and supportive measures were administered and recovery was uneventful. An elec- 
trocardiogram on November 13, 1947, revealed the findings characteristic of pulmonary 
embolism. The electrocardiographic changes graduallj’ resolved over the ensuing several 
days. 

(A) Before surgery — normal pattern; (B), (C) following thoracoplasty — no change; (D) 
after excision of ostcoraylitic rib — deep Si; depressed STo, STj; (E) 24 hours after (D) — 
low, slurred QRSi and poor T-waves. 


RESULTS 

Pi’onounced T-wave changes in Leads I and IV were noted in 34 of the 112 
cases reviewed. In 18 there was marked lowering (to less than 100 microvolts) 
or inversion of Ti alone. In 16 cases there occurred a combination of lowered or 
inverted Ti with a similar change in Ti. The T-wave changes in Leads II and 
III were as tabulated in table 1. 
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Other changes occurring less frequentlj'- (not statistically significant) were: 
(a) tendency for increase in amplitude of P-waves without e\ddence of right heart 
strain in the vast majority of instances; (b) elevation in S-T segment in 4 cases, 
in Leads II, III and lY] (c) frequent extrasystoles (especially prominent follow- 


LEADS 9/23/47 
A 


10/30/47 

B 


ll/lS/47 

C 


11/24/47 

D 


12/4/47 

E 


12/12/47 

F 



Fig. 5. Case 5 (Age 46). Roentgenogram revealed bilateral pulmonary tuberculosis of a 
fibro-caseous nature with cavitation on the right. Previous collapse thcrapj' consisted of an 
unsuccessful right pneumothorax, a right phreniclasia, and jmeumopcritoncum. On 
October 17, 1947, an anterior first-stage right thoracoplasty, and on October 31, 1947, a pos- 
terior right thoracoplasty were performed. On NovembcrlG, 1947, the patient e.xpericnced 
an acute episode of pain in the left side of the chest which gradually increased in intensity, 
especially on deep inspiration. An electrocardiographic tracing taken on Novobnicr IS, 
1947, revealed a pattern compatible with that of an acute pericarditis. Frequent e.vamina- 
tions failed to reveal evidence of a friction rub or a pericardial effusion. Subsequent trac- 
ings showed resolution of the acute process and on December 16, 1947, a second-stage poste- 
rior thoracoplasty was performed under c 3 xlopropane and ether. Between January' 10 and 
February 2, 194S, he had a two-stage cavernostomy with no untoward effect. Serial electro- 
cardiograms up through Februarj- 4, 194S, revealed normal findings. 

(A) Before surgerj'— left axis deviation; (B) before second stage thoracoplastj— no 
change; (C) T-waves inverted in all leads; (D) six daj'S after (C) — T waves diphasic; (E) 
Tj, Tj now upright; Ti and Tj low and diphasic; (F) Ti isoelectric; T< inverted. 

ing 2 pneumonectomies); and (d) occasional splitting of QRS». In retdew of 
tlie records of 23 patients tvho had a phreneraphraxis with or without pneumo- 
peritoneum or pneumothorax, the onlj' unusual findings were inversion of T< 
in two (table 1), and inversion of Ti in one. 

The presence of a negative T-wave in lAiad I, especially in conjunction with a 
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only one was the T-wave in Lead I inverted. Changes in posture from recum- 
bency to sitting did not alter the observed patterns in Leads II, III, and IV in 
these patients (13). As noted in table 1, however, over half of the group (62.5 
per cent) did reveal changes postoperatively in Leads II, III, or IV, either alone 
or in combination. The T-wave changes observed in Leads I and IV, however. 
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6/14/46 
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Fig. 7. Case 7 (Age 26). Roentgenogram revealed fibro-exudative disease with cavitation 
on the left. A two-stage left thoracoplasty was performed between April 13 and May 4, 
1945. Electrocardiographic changes W’cre first noted on October 30, 1946. Subsequently 
this patient had a revision thoracoplasty on November 1, 1946. He had a left lower lobec- 
tomy January 1, 1946. 

(A), (B), (C), (D) Following 2-stage thoracoplasty — normal tracing; (E) following re- 
vision of thoracoplasty — T, inverted; T 4 shows high amplitude. 

were of paramount concern as they were so striking, tended to persist, and j^et 
did not appear to be due to myocardial damage. 

During the course of the study, whenever Ti inversion was found to have oc- 
curred, either alone or in combination with an altered T 4 , a careful scrutinj’' was 
made for anj’^ clinical evidence of heart disease. This included a search for cor- 
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onaiy insufficiency, any marked variation in blood pressure, change in lieart 
sounds or rhythm, diminution in cardiac reserve, and especially for evidence of 
cor pulmonale. These procedures were carried out in an attempt to account for 
the electrocardiographic changes in Leads I and H’ on the basis of demonstrable 
organic heart disease. It is felt that if heart disease of a nature serious enough 
to produce the electrocardiographic changes noted were actuallj’- present, some 
clinical evidence thereof would have manifested itself during the earl}' post- 
operative stages, or certainly wdthin the follow-up period. 

Although changes in many instances were pronounced when first noted, they 
were not considered sufficient to contraindicate subsequent chest surgery. The 
early experience in this question was obtained by observation of the satisfactory 
postoperative course followed by several patients for whom surgery was abso- 
lute!}' necessary despite electrocardiographic changes. As already mentioned, 
these later stages of surgeiy were well tolerated from a cardiovascular standpoint 
and there appears to be no justification for assuming the presence of heart dis- 

TABLE 2 


T-wave changes subsequent to phrenemphraxis in hoenly-thrce patients 


1 

T-WAVT CHANGE 
TYPE OF COt-LAFSE 



Ti (D): 

1 

1 

T.(I) 

1 

Tf (D) 

Tj(D) 

T, (1) 

T.(L) 

Ti (D) 

Ti (I) 

1 

Ti(L) 

Ti(D) 

1 M 

2 w 
§ 

gSoC 

H 

Phrenem- 
pliraxis right 

1 

0 

1 

2 

1 

0 

0 

0 

2 


1 

1 

0 

1 

' s 

Phrenem- 
phr.axis left.. 

i 

0 

0 

2 

0 

0 

0 

0 

0 

1 

1 

0 

1 

5 


(I) = inversion. 

(L) = low or isoelectric. 
(D) = cliphasicity. 


ease merely on the strength of clectrocardiogi’aphic changes which have not been 
described in the absence of heart disease prior to this time (2, 7). 

DISCUSSION 

The reasons for these T-wave changes are not known at present, just as the 
reasons for inversions of T: and Tj were not known when this phenomenon was 
first observed in normal individuals. There is no adequate justification for 
assuming that any toxins accompanying the tul)crculous procc.S3 should .«uddcnly 
cause severe heart damage ndth the electrocardiographic clmngcs as noted. 
Nor were there any postoperative pneumonias or spreads of disoa.so, such as have 
been reported as possible ctiologic factors by Thomson cl al. (12), which occurred 
to account for the T-wave changes. The dnigs used postoperative]}' included 
morphine sulfate; barbiturates, as hypnotics; multiple vitamins; penicillin and 
streptomycin. It is kno^\•n that none of these dnigs with the possible exception 
of streptomycin, will produce the changes recorded. .Mthough investigation of 
the toxic side cITccts of streptomycin is far from exhausted, a review of the elec- 
trocardiograms of over 200 patients who have received the dnig has revealed no 
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seated emotional conflicts that might have been present, the average patient was 
not of an abnormally tensive nature, nor possessed of any profound anxietj’’ state 
which could conceivably contribute to some of the changes noted. If anything, 
‘'spes phthisica” was the prevalent attitude. 

Only after evaluation of the manifold considerations discussed above did the 
writer feel justified in accepting the initial impression i.e., that the electrocardio- 
graphic changes in Leads I and IV, ordinarily interpreted as signif 3 dng organic 
heart disease, were occurring and persisting in complete absence of mimcardial 
damage as more than a mere h3T3othesis. At the very least, in the interest of a 
conservative, open-minded approach, it may be stated that these electroc.ardio- 
graphic changes occurred in the absence of “clinical and other laboratory evi- 
dence” of organic heart disease. 

It is hoped that these findings will serve to stimulate further investigation 
along these lines. Recent work at this institution is continuing to afford support 
to the above formulation. The opportunity of stud 3 dng such a large group is 

TABLE 3 


Axis deviation occurring after chest surgery 
(Each case with a deviation of axis showed a concurrent shift of the mediastinum) 


TYPE or COLLAPSE 

NUMBEK or CASES , 

RAD 

LAD 

Thoracoplasty left 

10 

2 

8 

Thoracoplasty right 

10 

5 

5 

Lobectomy 

8 

1 

0 

Pneumonectomj' 

3 

1 

1 


RAD = right axis deviation. 
L.'VD = left axis delation. 


definitely imique, and the current policy of including an electrocardiographic 
tracing as part of the routine admission examination record at this hospital is 
expected to bear fruit over the next several 3 'cars. Further correlative studies 
on this series now in progress include amplitude measurements of various phases 
of the complexes and tabulation of P-w’avc changes. These findings vdll be 
reported subsequently. 

SUMJtARY 

1. A correlation study was attempted between the clinical course .and the 
electrocardiograms made before and after chest surgical procedures in 112 
patients. 

2. T-wavc changes in Leads I and IV, of a type usuallj* considered to indicate 
severe heart damage, were found to be present in 30 per cent of the entire scries 
of p.aticnts. The changes, consisting of either an inversion of Ti alone or in 
conjunction u-ith an inverted T«, occurred in the complete absence of demon- 
strable heart disease. 

3. Arguments are offered to refute the assumption of the presence of coexistent 
m 3 'ocardia] damage in these patients. 

4. A plea is made for further investigation of the changes recorded. 
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SUMARIO 

Significaiivas Alteraciones Ekctrocardiogrdficas Consccutivas a la Cirugia Tordcica 

1 . Este estudio tuvo por mira correlacionar la evolucidn clinica 3 ' los electro- 
cardiogramas obtenidos antes y despuds de operaciones tordcicas en 112 enfermos, 

2. En 30 por ciento de toda la serie de enfermos descubridronse modificaciones 
en las Derivaciones I 3 r I\'’ de la onda en T, en forma de inversidn de la Ti, 3 -a 
sola o unida a inversidn de la T,, en ausencia completa de toda cardiopatfa 
observable. 

3. Ofrdcense argumentos para confutar la suposicidn de la coevistencia de 
alteraciones miocardlacas en estos enfermos. 

4. Abdgase por que continuen las investigaciones de las alteracionesdescritas. 
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STREPTOMYCIN-TUBERCULOSIS RESEARCH PROJECT OF THE 
AMERICAN TRUDEAU SOCIETYi--'^-' 

A Summary Report 

H. ISIcLEOD RIGGINS' axd H. CORWIN HINSHAW' 
INTRODtJCTION 

In the fall of 1946, after it had been demonstrated (1, 2, 3, 4, S, 9) that strep- 
tomj'^cin had definite therapeutic potentialities in the treatment of clinical tu- 
berculosis, the manufacturers of streptomycin donated a large quantity to the 
American Trudeau Societ 5 f for expansion of clinical research. The primarj’ pur- 
pose of the investigation was to explore the integration of sti'eptomj’cm therapy 
with other therapeutic procedures in the treatment of pulmonary tjqjes of the 
disease. Although much had alreadj' been learned concerning the limitations 
and therapeutic potentialities of streptomycin in the treatment of tuberculosis, 
nevertheless there still remained many questions onlj-- partiall 5 '- answered. Some 
of the major problems were: (I) determination of the types of pulmonarj’- tuber- 
culosis most likely to benefit from the use of streptomycin; (2) the most satis- 
factory methods and frequency of treatment; (S) the optimum daily dosage; ( 4 ) 
the optimum duration of treatment; (5) the most timel}’- integration of strep- 
tomycin with other therapeutic procedures, especial!}' collapse therapy and lung 
resection; (6) the determination of the incidence and clinical significance of the 
emergence of strains of tubercle bacilli less sensitive to the drug and how this 
phenomenon might be delayed, minimized or prevented; (?) the incidence, 
severity, clinical significance and, if possible, the prevention of serious toxic mani- 
festations, particularly deafness and vestibular dysfunction; and (5) relapse of 
the disease. 

The Executive Committee of tlie American Trudeau Society designated a grouj) of 
clinical and l.aboratorj' investigators, who later functioned ns Clinical and Laboratoiy 
Chemotherapy Subcommittees of the Committee on Medical Research and Thcrni\v, 
to collaborate in carrjnng out studies on the above and other problems. Members of the 
Clinical Chemotherapy Subcommittee were: Dr. J. Bums Amberson, New York, New 

’ The full report, including chapters by those participating in the project and by others 
on certain fundamental aspects of the problem, is now being compiled and edited for publi- 
cation in book form by the National Tuberculosis .\ssociation. 

- For previous report refer to II. McLeod Riggins and II. Corwin Ilinslmw, The .Strepto- 
mycin-Tuberculosis Research Project, .American Trudeau .Society, .\m. Rev. Tuberc., 101", 
5G, ICS. 

’ This study was aided by grants from the Division of Research Grants and Fcnow.sliips 
of the National Institute of Health, U. S. Public Health Service and from the .Medical 
Research Committee of the National Tuberculo.sis .Assoeiation. 

* The streptomycin was generously donated by .Abbott Laboratories, Fli Lilly and Co., 
Merck and Co., Inc., Chas. Pfircr and' Co., K. R. Squibb A .Sons, and The L'pjohn Company. 

‘Present (10I7-101S) and previous (1910-1017) Chairmen of the .Subcomnjitlee on 
Chemotherapy, Committee on Medical Resc.arcb and Therapy, .American Trudeau Society. 
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York; Dr. Emil Bogen, Olive Yie\r, California; Dr. H. Corwin Hinshaw, Rochester, hlinne- 
sota (Chairnlan 1946-1947) ; Dr. IQrby S. Hewlett, Jr,, Shelton, Connecticut; Dr. Walsh 
McDermott, New York, New York; Dr, Edward N, Packard, Trudeau, New York; 
Dr, H. McLeod Riggins, New York, New York (Chairman 1947-1948) ; and Dr. H. Stuart 
Willis, McCain, North Carolina. 

II Members of the Laboratory Chemotherapy Subcommittee were; Dr. Emil Bogen, 
Olive View, California; Dr. H. Corvun Hinshaw, Rochester, Minnesota; Mr. William 
Steenken, Jr., Trudeau, New York; Dr. H. Stuart Willis, McCain, North Carolina; Dr. 
C. Eugene Woodruff, Northville, Michigan; and Dr. Guy P. Youmans, Chicago, Illinois 
(Chairman). 

In order to coordinate the laboratory studies in connection with the project and to 
ensure more adequate facilities and uniform procedures, three district laboratories were 
designated at: Ohve View Sanatorium, Ohve View, California, Dr. Emil Bogen, Director; 
Trudeau Sanatorium, Trudeau, New York, Mr. William Steenken, Jr., Director; and 
Northwestern Universit)'- Medical School, Chicago, Illinois, Dr. Guy P. Youmans, 
Director. 

The present communication is in no way to be construed as a comprehensive 
report covering the studies of the individual investigators, but rather as a report 
in summary form including discussions and tentative opinions with regard to 
some of the more important aspects of the study. A comprehensive report, in- 
cluding chapters by the individual investigators and more extensive tabular and 
graphic data, will be published in book form at an early date by the National 
Tuberculosis Association. 


OBSEEVATIONS 

Clinical Material 

A total of 566 patients were studied between September, 1946 and January, 
1948. Information on these patients was obtained from the eight investigators 
through the medium of questionnaires. A comprehensive statistical analysis 
was carried out on the pertinent findings in 332 patients wdth pulmonaiy tuber- 
culosis who had completed streptomycin therapy and had been observed for at 
least 90 days after the beginning of treatment. Reports on the remaining 234 
patients are not included in the present analysis because they were either treated 
for less than 30 days, had been observed for less than 90 days after the beginning 
of treatment (at the time the questionnaires were returned), had received less 
than 0.5 Gm. of streptomycin daily, or w^ere patients with meningeal or miliary 
tuberculosis or had some type of extrapuhnonary tuberculosis only. 

Of the 332 patients with pulmonarj’’ tuberculosis reported on at this time, 17 
had minimal, 118 moderate^ advanced and 197 far advanced disease. Eighty 
per cent of these patients were stated by the investigators to have predominantly 
acute or subacute disease, and the remainder predominantly chronic disease at 
the begnming of streptomycin treatment (figure 1). 

One hundred seventy-seven of these 332 patients with pulmonary tuberculosis 
had a total of 204 Imomi tuberculous complications. The principal compli- 
cations were; (I) tracheobronchial and laryngeal tuberculosis, 125; (2) hnnph 
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node and sinus tract tuberculosis, IS; (S) intestinal tract tuberculosis, 16; (4) 
bone and joint tuberculosis, 13; (o) genito-urinarj’^ tract tuberculosis, 10; and 
(6) miscellaneous complications, 22. 

Grouping of the 332 patients according to race, sex, and age showed the fol- 
londng: white, 262; Negro, 36; other, 34; female, 200; male, 132. SLxty-six per 
cent of the patients were between 20 and 39 j'ears of age. 



Fig. 1. Clinical tj’pes of disease, at beginning of streptomycin therapj*, in 332 patients 
with pulmonary tuberculosis (according to regimen). 



Duration of 

Treatment 

(days) 

Daily Dasase 
Streptomycin 
(grams) 

A 

30 to 89 

0.5 to 1.4 

B 

30 to 89 

1.5 to 3.0 

C 

90 or over 

0,5 to 1.4 

D 

90 or over 

1.5 to 3.0 


Relationship of Streptoinycm Efficacy to the Type and 
Extent of Ptdmonary Pathology 

Before considering the comparative therapeutic advantages and limitations of 
different streptomycin regimens, consideration should be given to the more im- 
portant basic factors which significantly influence or largelj* determine the thera- 
peutic potentialities of anj^ antibacterial drug in tuberculosis. These factors are 
the character and extent of the predominant tuberculous disease, the resulting 
physiologic abnormalities, the immediate and remote potentialities of the disease. 
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the native and acquired resistance of the patient, and other factors which may 
significantly limit the successful application of a comprehensive and properly 
integrated therapeutic program. The mechanism of action of streptomycin in 
inhibiting the disease process affords additional insight into the potentialities and 
limitations of streptomycin. 

The beneficial effect of streptomycin in tuberculosis is dependent upon its 
interference with the growth and multiplication of streptomycin-sensitive strains 
of M. tuberculosis (5). Streptomycin apparently does not directly enhance 
tissue repair but it probably does favorably influence the tempo and quality of 
repair by inhibiting the growth and multiplication of tubercle bacilli. Assuming 
this to be true, it would be expected that the response of the tuberculous lesion 
to streptomycin would be fundamentally related to the characteristics of the 
pathology and the patient’s ability to cope with his disease. It has been shown, 
experimentally and clinically, that streptomycin is more effective against rela- 
tively early acute and subacute lesions, in which the extent and degree of case- 
ation is limited, than it is against confluent and rapidly caseating and liquefying 
tuberculous pneumonias, or against extensive chronic fibrocaseous and cavernous 
disease. Under certain circumstances, therefore, streptomycin appears to bring 
into favorable balance resistance and repair over susceptibility and destruction. 
In view of the mechanism by which streptomycin appears to affect certain tuber- 
culous lesions beneficially, it caimot be expected that the drug will exert a direct 
favorable influence on such irreversible pathological lesions as extensive case- 
ation and fibrosis. It may logically be expected, however, that streptomycin 
can favorably influence the behavior of some pulmonary cavities, especially those 
which tend to increase in size as the result of progressive inflammation, case- 
ation, and liquefaction, or certain of those whose size and behavior are influenced 
by acute and ulcerative tuberculous bronchitis. If the behavior of the pulmo- 
nary cavity is related to an active tuberculous bronchitis, healing of the bronchial 
disease and the re-establishment of normal bronchial function, as a result of 
streptomycin therapy, may significantly aid closure and healing of the cavity. 

These fundamental factors, often minimized or overlooked entirely, play a 
more decisive role in the degree of therapeutic effectiveness of streptomycin and 
the ultimate outcome of the issue than do the often overemphasized differences 
in total daily dosage or duration of treatment, as important as these latter factors 
are. In this connection, it should be stressed that in advanced progressive 
chronic tuberculosis the present clinical and roentgenologic methods for determin- 
ing the different tjqies of .pathological processes in their true proportions, and 
classifying them, are relatively crude and inaccurate at best. The effect of 
streptomycin has frequently emphasized the limitations of these methods. Fre- 
quently, disease presumed to be predominantly caseous and at other times pre- 
dominantly productive undergoes marked resolution and clearing and, perhaps 
equally often, disease presumed to be largely inflammatory in nature proves to 
be caseous. The practical difficulties, therefore, of choosing essentially com- 
parable types of disease, particularly from the point of Anew of the effect of a 
chemotherapeutic agent, in equal proportions in different regimens become clear. 
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PREDOMINANT TYPE OF DISEASE 


@ MARKED X-RAY IMPROVEMENT 



PREDOMINANT TYPE OF DISEASE 


@ MARKED CLINICAL IMPROVEMENT 



PREDOMINANT TYPE OF DISEASE 


® ONE OR MORE CAVITIES CLOSED 



PREDOMINANT TYPE OF DISEASE 


(g) SPUTUM CONVERTED^ 




ACUTE 

SUB-ACUTE 

CHRONIC 

NOT STATED 


Fig. 2, Individual investigators’ estimate of the efficacy of streptomycin, in relation to 
the predominant type of disease, in 332 patients with pulmonary tuberculosis, observed 
from six to ten months after the beginning of treatment. 

* Percentages based upon 218 patients with demonstrable cavities at the beginning of 
streptomycin treatment. 

** Percentages based upon 2S4 patients with sputum or gastric lavage contents positive 
for tubercle bacilli. 


It is equally obvious that erroneous conclusions may be drawn if the differences 
in the results obtained are solely attributed to the differences in regimens used. 
This is especially true if small numbers of patients are involved. 
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An attempt was made to evaluate the therapeutic effect of streptomycin on 
tlie different clinical types of disease in 332 patients with pulmonary tuberculosis 
classified by the investigators as predominantly acute or subacute and predomi- 
nantly chronic. The results arc shown in figure 2. The effectiveness of the 
antibiotic on the three types of disease was measured in terms of: (1) clinical im- 
provement, (2) rocntgcnographic improvement, (S) closure of cavities, (4) “con- 
version of sputum,” and (5) over-all marked improvement. In general, the 
therapeutic effectiveness of streptomycin was strikingly greater in patients 
with recent and presumably acute exudative disease. The drug also appeared 
to be more effective against subacute tlian against clironic disease. The degree 
of its effectiveness against subacute disease, however, was not as consistent or 
striking as against the more recent and acute exudative disease. The least bene- 
ficial effects were noted in patients with extensive predominantly chronic disease. 

One of the significant limitations of strcptom 3 'cin, with regard to all three 
types of disease, and irrespective of the regimen used, was emphasized bj’^ the 
similarity of the sputum findings. There was no significant difference found in 
“sputum conversion” in the different t^TJCs of disease. 

As the degree of effectiveness of streptomj’-cin is fundamentally related to the 
tjTDe and extent of patholog}’, and ns it appears to be least effective against ex- 
tensive chronic disease, it should not be anticipated that streptomycin and bed- 
rest alone would bring about arrest of the disease in the great majority of pa- 
tients with advanced chronic ca^^tar 3 ’^ tuberculosis. 


Sireptomycm Regimens 

None of the investigators was restricted to the exploration of a single regimen 
and as a rule each investigator used several different regimens. A few investi- 
gators explored many regimens. Because of the multiplicity of regimens em- 
ploj'ed it was impossible to evaluate all of them indmdually. Therefore, for 
statistical comparison of four basic regimens, the 332 patients with pulmonary 
tuberculosis who were obser\'ed for at least ninety days after the beginning of 
treatment were arbitrarily divided into four groups. 


Regimen A. Patients treated for 30 to 89 days, with a daily dosage of strepto- 

124 patients mycin varying from 0.5 Gm. to 1.4 Gm. 

Regimen B. Patients treated for 30 to 89 days, vdth a daily dosage of strepto- 

46 patients mycin varying from 1.5 Gm. to 3.0 Gm. 

Rcgiinen C. Patients treated for 90 days or over, with a daily dosage of strepto- 

89 patients mycin varjdng from 0.5 Gm. to 1.4 Gm. 

Regime^i D. Patients treated for 90 days or over, with a daily dosage of strepto- 

73 patients mycin varying from 1.5 Gm. to 3.0 Gm. 

The most important facts brought out in table 1 are: (1) Of the 213 patients receiving 
daily dosages varying from 0.5 Gm. to 1.4 Gm., 148 (70 per cent) received 1.0 Gm. daily. 
(2) Of the 119 patients receiving daily dosages varying from 1.5 Gm. to 3.0 Gm., only 10 
(8 per cent) received 3.0 Gm. daily. In the evaluation of results according to regimens 
it IS important to bear in mind the fact that a great majority of the patients in regimens 
A and C received a daily dosage of 1.0 Gm. and in regimens B and D only a few patients 
^received 3.0 Gm. daily. 
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TABLE 1 


Breakdown of total patients in each regimen according to average daily dosage 


A\TRAGi: DAILY DOSAGES 

REGIMEN A 
NUMBER OF 
PATIENTS 

REGIitEN B 
NUMBER or 
PATIENTS 

REGIMEN C 
NUMBER OF 
PATIENTS 

REGIMEN D 
NUMBER OF 
PATIENTS 

0.5 Gm 

12 

— 

s 


0.6 to 0.9 Gm 

12 

— 

10 

— 

1.0 Gm 

94 

— 

54 

— 

1.1 to 1.4 Gm 

6 

— 

17 

— 

1.5 to 1.9 Gm 

— 

13 



34 

2.0 to 2.9 Gm 

— 

24 

— 

3S 

3.0 Gm 

— 

9 

— 

1 

Total 

124 

46 

S9 

73 


To evaluate different regimens providing different durations of treatment vith 
accuracy, it is essential to have the results analyzed at the end of comparahlc 
periods of time after the beginning of streptomycin therapy. In this studj% re- 
sults obtained in the treatment of patients with regimen A were anal 3 ’-zed an 
average of 182 days after the beginning of treatment; vnth regimen B, an aver- 
age of 243 da 3 ’’s after the beginning of treatment; with regimen C, an average of 
264 days after the beginning of treatment; and with regimen D, an average of 
294 days after the beginning of treatment. 

An 3 ’' suggestions, trends, or tentative opinions gained from such an anal 3 ’’sis as 
this must of necessity be considered in the light of the inherent and obvious 
deficiencies of this and similar cooperative studies involving a number of in- 
vestigators. This project does have certain qualities to recommend it, however, 
a few of which might be noted. The investigation represents the combined 
thinking and efforts of a coordinated national group of clinical and laborator 3 ’’ 
investigators associated with representative medical schools and tuberculosis 
teaching centers. The clinical material consists of a wide sampling of pulmo- 
nary tuberculosis from the point of view of the different t 3 'pes of disease, age, 
race, and sex of the patients treated in widely separated sections of the countiy. 
All information and opinions concerning individual patients, including evalu- 
ation of results, are entireb’’ those of the individual investigators. The com- 
piling and tabulating of the statistical material were carried out by Dr. Carroll 
B. Palmer and Mrs. Shirley H. Ferebee and their staff of the U. S. Public Health 
Service. None of this group had an official connection rvith the streptom 3 ’’cin 
stud 3 '- of the American Trudeau Societ 3 \ Finally, the number of patients ob- 
served wms considerably larger than could have been studied by a single investi- 
gator at the time and is considered sufficientb'^ large to be of statistical 
significance. 

Evaluation of Streptomycin Regimens 

Evaluation of the results obtained on the four regimens is based upon the 
reports of the individual investigators concerning clinical and roentgenographic 
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findings, closure of cavities, “conversion of sputum,” estimates of the over-all 
therapeutic effect of the drug, toxic manifestations of streptomycin, emergence 
of strains of tubercle bacilli less sensitive to streptom3'^cin, and relapse of the 
disease. As the results could have been partially affected bj' such other thera- 
peutic procedures as bed-rest and collapse therap}', the value of streptomycin 
vas estimated in each instance bj'^ the ph3’^sicinn treating the patient. 





10 20 30 4-0 50 60 70 60 90 

PERCENT OF TOTAL 


MARKEDLY IMPROVED 



MODERATELY IMPROVED 


100 



UNCHANGED 


WORSE 


NOT AVAILABLE 


Fig. 3. Clinical condition, at most recent examination, of 332 patients with pulmonary 
tuberculosis observed from six to ten months after start of streptomycin, in comparison 
with beginning of treatment (according to regimen). 


Regimen 

Duration of 

Treatment 

Daily Dosage 
Streptomycin 


(days) 

(grams) 

A 

30 to 89 

0.5 to 1.4 

B 

30 to 89 

1.5 to 3.0 

G 

90 or over 

0.5 to 1.4 

D 

90 or over 

1.5 to 3.0 


Daily Dosage and Duration of Treatment 

Despite the fundamental factors which influence the effectiveness of strepto- 
mycin, a comparison of the results obtained on the four different regimens appears 
to indicate some relationship between the size of the daily dosage and the thera- 
peutic results attained. Moreover, a similar though less definite relationship 
appears to exist between the duration of treatment and the therapeutic results. 
It is to be re-emphasized, however, that the relationship which appears to exist 





148 


RIGGINS AND HINSHAW 


between therapeutic results and daily dosage may be more apparent than real, 
because of the difference in the percentage distribution of the clinical types of 
cases treated in the four regimens (figure 1) and for the other reasons preidously 
mentioned. 

Clinical improvement: As may be seen in figure 3, clinical improvement oc- 
curred in 86 per cent of the patients receiving the larger daily dosages (1.5 Gm. 
to 3.0 Gm., regimens B and D) in contrast to 65 per cent of the patients who 



Fig. 4. Condition, according to most recent roentgenological findings, of 332 patients 
with pulmonary tuberculosis observed from six to ten months after start of streptomycin, 
in comparison with beginning of treatment (according to regimen). 
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30 to 89 

1.5 to 3.0 

C 

90 or over 

0.5 to 1.4 

D 

90 or over 

1.5 to 3.0 


received the smaller daily dosages (0.5 Gm. to 1.4 Gm., regimens A and C). 
Clinical improvement seems related much less to duration of treatment, in so far 
as a comparison of the two periods of treatment used (30 to 89 days, and 90 days 
or over) is concerned. In the patients recemng treatment for the longer periods 
of time (90 days or over, regimens C and D) 78 per cent showed clinical improve- 
ment, while in the patients receiving treatment for the shorter periods of time 
(30 to 89 days, regimens A and B) 66 per cent showed clinical improvement. 




STREPTOMYCnC-TUBEUCULOSIS KESBARCH PROJECT 


149 


Rocntgcnographic improvement: The frcquenc}' and degree of the over-all 
roentgenographie improvement seem to be related to the total daily dosage 
(figure 4). This is shown by comparing the results obtained on regimens A and 
B, C and B, and C and D. In each instance it will be seen that the best results 
were obtained in patients receiWng the larger dail}* dosages. Comparatively 
better results were obtained on regimen B than on regimen C, even though pa- 
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Fig. 5. Closure of one or more cavities, during and after streptomycin therapy, in 218 
patients ■with pulmonarj- tuberculosis observed from six to ten months after the beginning 
of treatment (according to regimen). 

(Only 218 of the 332 patients had demonstrable cavities at the beginning of strepto- 
mycin therapy.) 
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1.5 to 3.0 


tients on the latter regimen were treated for a longer period of time. Roentgeno- 
graphic improvement was noted in 82 per cent of the patients receiving the larger 
daily dosages (regimens B and D) and in 54 per cent of the patients receiving 
the smaller daily dosages (regimens A and C). The over-all roentgenographie 
improvement seems also to be related, but to a much less extent, to the duration 
of treatment. This is shown by comparing the combined results obtained on 
regimens A and B vdth the combined results on regimens C and D. Roentgeno- 
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graphic improvement was noted in 72 per cent of the patients recei\nng treat- 
ment for the longer periods of time (90 days or over, regimens C and D), and in 
56 per cent of the patients who received treatment for the shorter periods of 
time (30 to 89 days, regimens A and B). 

Closure of cavities: In general, the stud 5 '- revealed that the same relationship 
appears to exist between the closure of cavities and the total daily dosage and 
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Fig. 6. Conversion of sputum from positive to negative for tubercle bacilli, during or 
after streptomycin therapy, in 2S-1 patients with pulmonary tuberculosis observed from 
six to ten months after the beginning of treatment (according to regimen). 

(The remaining 4S patients had recently had sputum or gastric lavage contents positive 
for tubercle bacilli.) 
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duration of treatment as was found in analysis of the over-all roentgenographic 
and clinical improvement (figure 5). That is to say, the closure of one or more 
cavities occurred in 62 per cent of those patients who received the larger daily 
dosages of streptomycin in contrast to 34 per cent in the patients receiving the 
smaller daily dosages. Closure of one or more cavities occurred in 51 per cent 
of patients receiving treatment for the longer periods of time (90 da 3 's or over , 
regimens C and D), while it occurred in 36 per cent of the patients receiving 
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treatment for the sliorter periods of time (30 to 89 daj’^s, regimens A and B). 
Follow-up of some of these patients, however, has shown that cavities which 
disappeared on the chest roentgenogram or were apparently closed have re- 
opened. Such findings provide support for the opinion that streptomycin is 
usuallj- not a definitive form of therapy, cspoeiall}* for the more destructive and 
chrohie types of tuberculosis. If durable results arc to be obtained, it is always 
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^G. 7. Individual investigators’ estimate of the over-all efficacy of streptomycin in 332 
patients with pulmonary tuberculosis, observed from six to ten months after the beginning 
of treatment (according to regimen). 
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essential to supplement streptomycin with bed-rest and frequentlj’’ vdth some 
form of collapse therapy or occasionally lung resection. 

Conversion of sputum”: The disappearance of tubercle bacilli from the sputum 
occurred more frequentl}’- in the patients receiving the larger daily dosages of 
streptomycin (63 per cent) than in the patients receiving the smaller daily dos- 
ages (38 per cent). Reversal of infectiousness also appears to be related to the 
duration of treatment. In the patients receiving treatment for the longer periods 
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of time (90 daj^s or over) “sputum conversion” occurred in oS per cent, while in 
the patients treated for the shorter periods of time (30 to 89 daj’^s) “conversion” 
occurred in 36 per cent. 

The unusually high percentage of “sputum conversions” in all regimens may 
be partially explained by the fact that “conversion” of sputum in this series of 
patients was based upon the results of the last sputum examination and in many 
instances the tj^ie of examination wab by concentration method. The high per- 
centages of “sputum conversion” would probably be much lower if the}'- were 
based upon repeated examination by culture or animal inoculation. 

The follow-up of certain patients vdiose sputum was “converted” shows that 
not infrequently the sputum again becomes positive for tubercle bacilli. It is 
believed that the increment of reopened cavities and the return of infectiousness 
may increase significantly with the passage of time following completion of strep- 
tomycin therapy, particularly if other therapeutic procedures are not properly 
applied at the opportune time. It should be borne in mind that the results were 
evaluated from 182 to 294 days after the beginning of streptomycin treatment. 

The consistency of the relationship between the total daity dosage and thera- 
peutic results and, to a less degree, between the duration of treatment and thera- 
peutic results is still further suggested by the reports of the individual investi- 
gators of the estimated over-all therapeutic effects of streptomycin obtained on 
the four regimens (figure 7). 

Sensitivity of Tubercle Bacilli to Streptomycin before, during and after Completion 

of Therapy 

It has been well established by many workers that human strains of M. tuber- 
culosis which have not been previously exposed to streptomycin are sensitive 
in vitro to low concentrations of the antibiotic. Studies have also shown that a 
high percentage of strains of tubercle bacilli become less sensitive to streptomycin 
in proportion to the duration of exposure to the drug. It has occasional!}’- been 
noted that organisms still sensitive to streptomycin at the completion of treat- 
ment may become less sensitive at some later date and that the degree of “drug 
fastness” present at the end of treatment may actuall}’- increase following cessa- 
tion of treatment. It is important, therefore, to determine the sensitivity of 
the organisms routinely before retreatment is undertaken. 

The possibility of the existence of a relationship between the daily dosage 
of streptomycin and the rapidity and frequency of the emergence of significantly 
resistant strains during treatment (10 or more y of streptoms'-cin per ml.) has 
potential implications concerning optimum daily dosage. The few’ data avail- 
able regarding- this possible relationslup will be presented. It is also possible 
that the simultaneous use of certain tuberculostatic agents with streptomycin 
may perhaps delay or decrease the emergence of streptomycin-resistant organ- 
isms. Should further studies along this line prove encouraging, large scale 
trials of combined chemotherapy would seem definitely warranted for the pur- 
pose of clarifying this question. A few such studies arc already under way. 

A limited amount of information concerning the emergence of less sensitive 
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strains of tubercle bacilli during streptomycin therapy is available from this 
study. As there is increasing e^^dcncc that in vilro resistance is indicative 
also of in vivo resistance and that microorganism resistance of *10 or more y 
of streptomycin per ml. is of some clinical significance, data will be presented 
only on those patients whose tubercle bacilli became resistant to 10 or more y of 
streptomycin. Reliable data concerning microorganism sensiti\dty during strep- 
tomj^cin treatment arc available on 159 of the 332 patients in the series. Data on 
the remaining patients are incomplete for various reasons but largely because 
bacilli were not available for testing at the completion of treatment. 

Of the 159 patients, 56 (35.2 per cent) are Icnown to have discharged tubercle 
bacilli resistant to 10 or more y of streptomycin per ml. at various periods of 
time after the beginning of treatment. Of 17 patients whose bacilli were studied 
for streptoms'cin sensitivity one to 30 daj's after the start of treatment, 2 (11.7 
per cent) had organisms resistant to 10 or more y per ml.; of 40 patients whose 
organisms were studied 31 to 60 days from the start of treatment, 12 (30 per 
cent) had organisms resistant to 10 or more y per ml.; of 27 patients whose 
bacilli were studied 61 to 90 da 3 ’s after the start of treatment, 12 (44.4 per cent) 
had. organisms resistant to 10 or more y per ml.; of 23 patients whose bacilli 
were studied 91 to 120 daj’^s after the start of treatment, 12 (52.2 per cent) had 
organisms resistant to 10 or more y per ml.; and of 62 patients whose bacilli 
were studied 121 daj’’s or later after the start of treatment, 18 (34.6 per cent) 
had organisms resistant to 10 or more y per ml. In the remaining 103 patients 
(64.9 per cent) studied periodically during part of the treatment period, the 
sputum either became negative or the organisms remained sensitive to less than 
10 y of streptomycin per ml. It is believed that, if it were possible to determine 
the streptomj'cin sensitmtj’’ of tubercle bacilli in all patients at the end of pro- 
longed treatment, there would be a much greater incidence of significantly 
resistant strains than indicated above. 

These data are too few to permit a precise anal 5 ’’sis of the relation of the 
length of treatment to either the incidence or the time of appearance of drug- 
resistant strains of tubercle bacilli. Nevertheless, examination of the data does 
reveal that the emergence of what appear to be significantly resistant strains 
(resistant to 10 or more y streptomj^cin per ml.) did occur in a fairly high 
percentage (35.2 per cent) of the patients. 

Possibty of equal importance is the fact that there appears to be some rela- 
tionship between the total daily dosage and the rapidity of emergence of organ- 
isms resistant to at least 10 y of streptomycin per ml. Although the number of 
patients in this group is too small to have statistical significance, nevertheless 
it is of interest to note that the emergence of organisms resistant to 10 y and 
over per ml. was more rapid in patients receirdng the larger daily dosages of 
streptomycin (1.5 Gm. to 3.0 Gm., regimens B and D) than in patients receiving 
the smaller daily dosages (0.5 Gm. to 1.4 Gm., regimens A and C) (figure 8). 
It is probably of equal importance, however, to note that a greater percentage of 
patients who received the smaller daily dosages showed emergence of strains 
resistant to 10 or more y per ml. Of the 85 patients receiving the smaller daily 
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dosages, 35 (41.2 per cent) had organisms resistant to 10 or more -y per ml. at 
different periods of time after the start of treatment, and of the 74 patients 
receiving the*larger daily dosages, only 21 (28.4 per cent) had organisms resistant 
to 10 or more j per ml. after beginning of treatment. 

These data would seem to pose another question ivith regard to optimum daily 
dosage. Considered only in the light of the rapidity of emergence of organisms 
-significantly resistant to streptomycin, it might be assumed, if these findings 



1-30 31-60 61-90 91-120 121 cSc OVER 

NUMBER OF DAYS FROM START OF TREATMENT 
Fig. S. Emergence of strains of tubercle bacilli resistant to 10 or more y of streptomycin 
per ml., in relation to duration of treatment and average dailj' dosage. 

are confirmed, that an advantage of smaller daily dosages is that they pre- 
sumably cause the emergence of significantlj'^ resistant organisms less rapidly 
than do larger dailj’- dosages. For the group of 56 patients whose microorgan- 
isms were resistant to 10 or more 7 of streptomycin per ml., the monthly percen- 
tages® and the cumulative percentage of emergence of this degree of drug-resis- 
tance are shown in figure S. 

'Sensitivity tests were done periodically from start of treatment. 
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Fig. 9. Toxic manifestations encountered in 332 patients with pulmonary tuberculosis, 
according to average daily dosages of streptomycin. 


Toxic manifestations; The frequency and severity of toxic manifestations 
■were consistent^ greater in the patients receiving the larger daily dosages of 
streptomycin (1.5 Gm. to 3.0 Gm., regimens B and D) than in the patients re- 
ceiving the smaller daily dosages (0.5 Gm. to 1.4 Gm., regimens A and C) (figure 
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9). Named in the order of their importance and frequency, the toxic manifesta- 
tions encountered in this series were: vestibular djrsfunction; eosinophilia; nausea 
and vomiting; evidence of renal irritation or damage which was usually transient 
(severe renal damage due primarily to streptomycin was not encountered); 
dermatitis; and drug pyrexia. In the great majority of instances toxic mani- 
festations were reversible, lab 3 rrmthine dysfunction usually being either reversible 
or compensated for in almost all cases. Permanent deafness due to streptomycin 



Fig. 10. Relapse of the disease, during or after streptomycin therapy, in 332 patients 
with pulmonary tuberculosis observed from six to ten months after the beginning of treat- 
ment (according to regimen). 
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was not reported by the investigators in this series of pulmonary tuberculosis 
patients. 

In the last analysis, determination of the optimum total daily dosage is based 
upon the possible degree 'of therapeutic effectiveness, on the one hand, and the 
possible severity of the toxic effects, on the other. Within certain limits, the 
selection of the optimum daily dosage is related to the threat of the disease 
versus the potential untoward toxic effects. For example, it might be pointed 
out that it is better to use a relatively large dosage of streptomycin and cure a 
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tuberculous meningitis, even though deafness supervenes, than to use, in at- 
tempting to avoid toxic effects, ineffective dosage and lose the patient. The 
same reasoning does not always appty, however, with regard to the use of larger 
daily dosage (20 to 40 mg. per Idlogram of body weight) for many patients 
with pulmonarj’ tuberculosis. In these patients the threat of the disease to 
life is usually not as definite and immediate, nor is streptomycin therapy defini- 
tive but must usually be accompanied by other therapeutic procedures if durable 
results are to be achieved. It is strongly believed that the optimum daily dosage 
cannot be generalized but must be individualized, as in other drug therapy. 

Relapse: Durable clinical results are the prime objective in the successful 
treatment of tuberculosis and the achievement of this objective, or lack thereof, 
may be construed as a measure of the effectiveness of a given therapeutic pro- 
cedure. The increment of relapses over a given period of time is one of the most 
important criteria of the effectiveness of therapy. 

Roentgenological relapse of the disease was determined by the individual 
investigators in the 332 patients in this series (figure 10). As the percentage of 
relapse occurring in the four different regimens is cumulative and increases ac- 
cording to the length of time of observ'ation from the beginning of therapy, it 
should be recalled that the four regimens were evaluated at different periods of 
time after the beginning of treatment. As patients on regimen D were observed 
for the longest period of time, the total increment of relapse should be the greatest 
in this group, unless this regimen was considerably more effective than any of the 
other three. The results in regimen D were evaluated approximately 100 days 
later than those in regimen A, and approximately one to two months later than 
those in regimens C and B. As the percentage of relapse is essentially the same 
for the four regimens, regimen D appears to be somewhat more effective in the 
prevention of relapse than the other regimens. 

DISCUSSION 

Although many problems concerning the most effective use of streptomycin 
in the treatment of pulmonary tuberculosis remain unsolved or only partially 
solved, a considerable amoimt of confirmatory and additional information has 
emerged since the American Trudeau Society streptomycin project was launched 
two years ago. Some of this information and better clarified concepts will be 
discussed. 

The objective: The ideal and ultimate objective of an over-all therapeutic 
program is the securing of lasting arrest of the disease, preservation of adequate 
pulmonary function, prevention of permanent physical or mental deficiencies, 
and the restoration to the fainily and community of an individual who is as 
capable of carrjung on in a competitive society as he was before the development 
of tuberculosis. The objective of streptomycin therapy must of necessity, 
however, be more circumscribed and limited. Under certain conditions strep- 
tomycin therapy may play only a minor role but in others a vital or decisive 
role in the over-all therapeutic program. In general and specific terms what 
should be the primary objective of streptomycin therapy? In general, it may 
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be considered that the primar3" objective of streptomycin is to bring into favor- 
able balance vital resistance over susceptibilit}’- and dosage of organisms. Spe- 
cificallj’-, this is brought about bj'- the inhibitor3' action of streptom3’^cin on the 
tubercle bacillus. 

Several questions immediately arise concerning the possible attainment of 
the general and specific objectives of streptom3>-cin therap3’- which are especial^' 
important in relation to duration of treatment. (1) How rapidl3’' does strep- 
tom3’^cin exert a significant antimicrobial effect in clinical tuberculosis? ( 5 ) 
Ai-e different degrees of antimicrobial effect obtained? (S) What are some of 
the more important factors that limit streptom3’-cin effectiveness? (- 4 ) How 
long should effective antimicrobial therap3’- be maintained? (5) How long can 
effective antimicrobial therap3'- be maintained? (6) When and under what 
circumstances should other therapeutic procedures be used? 

With regard to the first question, factors related to the drug, the infecting 
organism and the patient are all involved. The pharmacolog3'' of streptom5rcin 
has been thoroughl3'- investigated and is well documented. It is Icnown that 
the drug is rapidl3’' absorbed into most of the bod3’‘ fluids but to what degree 
it is concentrated in different t3^pes of diseased and damaged tissue is not so 
well Imown. Just how rapidl3’- the drug ma3’' exert a significant therapeutic 
effect upon pulmonary tuberculosis is dependent upon a number of factors, 
the most important of which are the t3-pe and extent of the disease. There 
is considerable e^ddence to show that therapeutic effect ma3’- be exerted quite 
rapidl3’’ under certain circumstances. For instance, rapid deferv’^escence and 
disappearance of s3'mptoms vithin forty-eight to seven t3'’-two hours following 
the initial administration of streptom3"cin has been observed in patients acuteb' 
ill Avith high fever and other toxemic manifestations of recent^ developed 
tuberculous pneumonia. Rapid loss of S3Tnptoms referable to lar3mgeal, bron- 
chial, or intestinal tuberculosis has also been observed AA'ithin a ver3’’ short time 
after the beginning of streptora3'^cin treatment. Probably the most dramatic 
therapeutic effect of streptom3'cin is that sometimes noted in patients vith 
tuberculous meningitis. McDermott cl ah have reported upon the rapid thera- 
peutic effect of streptom3’'cin in both acute generalized l3Tnphohematogenous 
tuberculosis and tuberculous pneumonia ( 8 , 9 ). 

If the drug has a more rapid and also greater therapeutic effect upon acute 
disease of recent origin, it could be argued that the duration of treatment for 
this type of pulmonar3'- disease might be less than that for the subacute or more, 
chronic forms of pulmonary tuberculosis. MoreoA'er, it seems logical to assume 
that the relative stability of chronic disease is indicative of a more favorable 
balance between resistance and susceptibility and number of infecting bacilli. 
The corollary of this is that acute progressive disease is evidence of a relative 
lack of resistance or the presence of overwhelming dosage of organisms or of 
both. Rich has pointed out that there is no such thing as “solid immunity” 
or resistjince adequate to prevent spread of the infection provided the dosage of 
organisms is sufficient!}' large ( 10 ). This fact is frequently demonstrated b}* 
the p.atient AWth chronic cavernous disease whose sputum is teeming vith 
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tubercle bacilli yet who suffers no, spread of disease for long periods of time until a 
brisk hemoptysis results in the aspiration of an overwhelming dose of bacilli 
into previously healthy areas of the lung with the development of tuberculous 
pneumonia. It may be concluded, therefore, that the presence of extensive, 
acute, predominantly exudative disease indicates a serious imbalance in the 
host-parasite relationship and is an important factor to be considered in the 
attainment of the objectives of streptomycin therapy. 

Although resistance to tuberculosis can be measured imperfectly at best, 
it is Icnown that certain patients may have greater actual and potential capa- 
bilities of coping ndth their disease than others. Even though the immediate 
and particularly the remote potentialities of a given lesion cannot be measured 
accurately, some idea of the ability of the patient to overcome the disease may 
usually be estimated. In the final analysis, these fundamental factors of dosage 
of organisms, patient resistance, the type, extent, and immediate and remote 
potentialities of the disease, and the possible effective use of other therapeutic 
procedures serve as guides and principles in the final determination of the proper 
duration of streptomycin treatment. Thus the objectives of streptomycin 
therapy may be realized within three or four weeks in some patients, in two to 
three months in others, and in still others they may never be realized. 

Types of disease: The earlj’- clinical reports suggesting that recent acute 
exudative or lobular pneumonic lesions that have not progressed to extensive 
caseation respond exceedingly well to streptomycin have been confirmed by 
many investigators, notably those of the Veterans Administration, Ai’my, Navy 
and the present group. At the January, 1948 meeting of the Chemotherapy 
Committee, Amberson and Stearns demonstrated illustrative cases of this type 
showing marked therapeutic effect of streptomj'^cin. The comparative efficacy 
of streptomycin in different clinical t 5 rpes of disease is well shoivn in figure 2. 
Experience has also emphasized the fact that the earlier the drug is used for 
acute disease the more effective it is in the prevention of irreversible morphologic 
changes and consequent disturbances of function. It has also been the general 
experience that, despite rapid clearing of the acute inflammatory process, largely 
hy resolution, many small presumably caseous and partiallj'' encapsulated foci 
remain. These residual foci may be the source of relapse or progression of the 
disease at some later date, particularly if adequate sanatorium or hospital 
treatment is not continued for a sufficient period of time. 

The large majority of patients vith fairly extensive lobular pneumonic disease 
usually have cavities which may or may not be roentgenologically demonstrable. 
Probablj’- for this reason, “sputum conversion” without some other treatment in 
addition to streptomycin, even in patients with acute disease who show striking 
improvement, is usually not attained with any greater degree of consistency 
than in patients who have more subacute or chronic types of disease. This 
is well shown in figure 2. 

Streptomycin has proved of great benefit in preparation of patients for thoraco- 
plasty who have extensive exudative disease in addition to cavity formation. 
It is believed that in many such patients the disease would have continued to 
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progress and surgery would probably not have become feasible without strepto- 
mycin. Sei’^eral illustrative cases of this tjTie were shown by the group from 
New York State Tuberculosis Hospitals' at the January, 194S Chemotherapy 
Committee meeting. Streptomj’-cin has also been found to be of limited or 
considerable value in preparation of patients for surgery who ha^'e predominantly 
chronic fibrocaseous and cavernous disease with a subacute component and 
frequently a complicating tuberculous bronchitis. The partial, even though 
perhaps temporary, control of the more active pulmonary and bronchial disease 
is often sufficient to permit a relatively safe and effective surgical program. In 
addition, streptomycin may be of such marked benefit in patients with tuber- 
culous laryngitis or enteritis, with consequent improvement in the general con- 
dition, as to allow successful thoracoplast}’- or other surgical procedures. On the 
other hand, streptomycin usually has little or no decisive therapeutic value 
when used alone and directed against chronic types of cavernous disease without 
recent or e.vudative components, or in the absence of tuberculous laryngitis, 
tracheobronchitis or enteritis. 

Hewlett and O’Connor have made detailed studies of the effect of strepto- 
mycin on chronic disseminated nodular tuberculosis of the lungs. At the meet- 
ing of the Chemotherapy Committee in January, 1948, they showed illustrative 
cases and pointed out that streptomycin may be strikingly effective in this type 
of chronic disease (11). 

Methods and frequency of administration; Experience during the past two 
years has definitely shown that parenteral streptomycin therapj'- gives the 
best results. As a result of animal experimentation (6) and later clinical ex- 
perience it was found unnecessary to administer the drug more often than twice 
daily, and once dailj’’ may be effective for certain patients. The maintenance 
of a high concentration of streptomycin in the blood is not necessary to achieve 
beneficial therapeutic results. A given daily dosage administered in four or 
five injections appears to cause more severe toxic reactions than the same amount 
administered once or twice daily'. Streptomycin given by inhalation or aero- 
solization is much less effective, even for disease of the mucous membranes 
of the respiratory tract, than when administered parenterally'. Streptomycin 
given by mouth is usually' ineffective and is not recommended. 

Daily dosage: Statistical data concerning the relative therapeutic effects of 
large versus small daily dosages have been presented above. These data would 
seem to indicate that the larger daily dosages resulted in more frequent as well 
as more marked improvement than the smaller daily dosages. It should be 
emphasized, however, that this finding appears to be somcwJiat at variance with 
the opinions and experiences of some of the individual investigators, including 
the vciters, whose combined reports constitute the statistical data presented. 

' Ray Brook State Tuberculosis Hospital, Ray Brook, New York, Dr. Harry A. Bray, 
Directo'r; Homer Folks Tuberculosis Ilospit.al, Oncont.a, New York, Dr. R.alpU Horton, 
Director; Hermann AI. BigS^ ^lemorial Hospital, Ithac.a, New Aork, Dr. N. Stanley 
Lincoln, Director; Mt. Morris Tuborculosiis Hospital, Mt. Morris, New lork. Dr. Arthur 
M. .Stokes, Director. 
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In an attempt to clarif j"- tliis paradoxical finding the sources of probable clinical 
and statistical error have been sought and an endeavor made to evaluate their 
effects upon results obtained in the different regimens. Several factors, other 
than dail}’- dosage, which may influence therapeutic resulte have already been 
discussed. Two important factors which significant!}’’ influence results in this 
series of patients are; (Jf) the unequal distribution of similar typos of clinical 
material among the different, regimens, and (2) the relatively small number of 
patients on all regimens, but especially on regimen B (46 patients). 

Evaluation of the clinical material in each regimen shows that a much larger 
percentage of patients with predominantly acute disease are in regimens B and D 
than in A and C. The percentage distribution of acute disease in the foxir regi- 
mens is as follows: A, 36.3; B, 60.9; C, 40.4; and D, 52.1 (figure 1). It is gener- 
ally agreed that the best results from streptomycin are usually attained in pa- 
tients “with recent acute, potentially reversible disease. Tliis fact is strildngly 
shown in figure 2, in which it is seen that marked therapeutic improvement, 
measured in terms of clinical, roentgenographic, and over-all improvement, oc- 
curred approximately twice as often in patients ■with acute disease as in those 
with subacute disease. Moreover, improvement occurred from two and one- 
half to four times as often in patients with acute disease as in those with chronic 
disease. It is quite probable, therefore, that the superior results obtained in 
regimens B and D were more significantly related to the type of clinical material 
(predominantly acute disease) than to the difference in total daily dosage or the 
difference in duration- of treatment. In this connection it should be recalled 
that results in regimen C were not as favorable as those in regimen B although 
patients on the foimer regimen were treated for the longer period of time. It is 
reasonable to assume, therefore, that the superior results on regimen B, as com- 
pared vith those observed in the patients on regimen C, were most probably due 
to the larger percentage of patients mth acute disease on regimen B, and to a less 
extent to the larger daily dosage given to the patients on this regimen. To 
recapitulate, it may be said that the most significant factors affecting results in 
this series of patients are: (1) the predominant type of clinical material treated 
with the indmdual regimens, (2) the total daily dosage, (S) the duration of 
treatment, and (4) the emergence of drug-resistant organisms, a phenomenon 
which is undoubtedly of the greatest significance in limiting the effectiveness 
of prolonged streptomycin treatment. 

Duration of treatment: Before deciding upon the duration of streptomycin 
therapy for the individual patient, it is essential to consider the objectives, 
possibilities, and limitations of drug therapy. Effective antibacterial therapy 
IS related to multiple factors, some primarily concerned with the patient, some 
•mth the disease, and others with the bacillus and the drug. It is also essen- 
tial, in considering the duration of streptomycin treatment, to formulate an 
over-all therapeutic program that effectively integrates streptomycin therapy 
with other procedures. 

^ If it were possible to eradicate all infection and there were no contraindica- 
tions, it would be desirable under certain circumstances to continue streptomycin 
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tlierap3" for whatever time required for the elimination of all viable organisms. 
As this is not possible and as there are a number of factors limiting the duration 
of effective therapjq the period of treatment selected for different t3'pes of 
pulmonaiy tuberculosis must be a compromise. The best compromise can be 
ascertained only after establishing a definite objective and careful weighing of 
all factors involved, immediate, remote and potential. 

Emergence of streptoJJiycin-resislant tubercle bacilli: Once the forces of vital 
resistance have become favorabb'^ balanced over dosage of organisms as a result 
of streptomycin therapy, the question arises as to how long should streptomycin 
be continued. If “drug-fast” organisms did not replace sensitive organisms in 
proportion to the duration of treatment and pro\dded the drug produced no 
toxic effects, it probably would be wise to continue its use for an indefinite period 
of time on the principle that other therapeutic measures are used, namely, until 
the disease is well arrested. By adjusting the dosage of streptom3’-cin on a basis 
of milligrams per kilogram of bod3'- weight, serious to.xic effects usually can be 
avoided. It is not possible at present, however, to prevent the emergence of 
resistant strains of organisms, although there is some evidence to suggest that 
this occurrence may be delayed or reduced as a result of the simultaneous use of 
combined chemotherapy. It also appears that organisms become “drug-fast” 
regardless of the method or frequenc3’- of administration or the total daily 
dosage given. It has been well established that “drug-fastness” is definitely 
related to duration of treatment and that the incidence of resistant strains 
increases with prolongation of treatment. Organisms rare^’- become “drug-fast” 
before the end of the first month of streptora3'-cin therapy. Usuall3% however, 
75 to SO per cent of patients discharge significantly “drug-fast” organisms by tlio 
end of the third or fourth month of treatment. 

As streptora3min is usuall3’’ essentially ineffective after the organisms become 
“drug-fast” and in view of the fact that pulmonar3’^ tuberculosis is charactcris- 
ticall3’^ a relapsing disease, the tremendous importance of avoiding the emergence 
of significant numbers of “drug-fast” organisms is obvious. If the primary 
objectives and limitations of streptomycin are kept in mind, and provided proper 
indications are observed and other therapeutic procedures arc used at the oppor- 
tune time, it is believed tliat the duration of streptom3’cin treatment m.<i3'' 
usuall3" be sufficient^' limited to avoid “dnig-fast” organisms. There are certain 
exceptions to this statement. For example, it may be necessary to continue 
strcptom3'cin for longer than four or six weeks for acute bilateral tuberculous 
pneumonia or for acute disseminated l3Tnphohcmatogenous disease (nonmiIiar3-) 
and under cert.ain other circumstances in which there is no other effective therap3’. 
Under such circumst.anccs more prolonged treatment or retreatment .seems 
justified, regardless of the emergence of some drug-fast organisms. The drug 
may continue to be of some limited value even though the m.ajority of the infect- 
ing* bacteria h.avc become “fast.” This reasoning is based upon the fact that 
scattered colonics of sensitive organisms are occasional^' found in the presence 
of a large majority of resistant cells, or the reverse may be true. 

It may be concluded, therefore, that optimum duration of treatment, just 
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ns optimum dosage, ia dependent \ipon weighing all factors involved, and in 
the final analysis must he decided upon in the light of the needs of the individual 
patient. This decision can be.st be made at the bedside. 

To.ric effects: A\nicn given in relatively large daily dosage over prolonged 
periods, the toxic effects of streptomycin arc .second only in importance to the 
emergence of drug-fast organisms as a limiting factor in the usefulness of the 
drug in the treatment of tuberculosis. The early experiences ( 2 , 7) showed that, 
when streptomycin was administered intramuscularlj' in 2.0 to 3.0 Gm. daily 
doses, it frequently caused disturbing and often severe toxic manifestations, 
the most serious being deafness and loss of labyrinthine function. Many other 
usually less significant reactions of a wide variety have also been observed. 

As a result of the above findings, the present group explored many dosage 
schedules in an attempt to di.scovcr therapeutically cfTective but essentially 
nontoxic regimens. Daily dosage schedules ranging from 0.5 Gm. to 3.0 Gm. 
were tested. As mentioned above, few patients in the scries received as much 
as 2.0 to 3.0 Gm. daily and the great majority received only 1.0 to 1.5 Gm. dail 3 ^ 
With the smaller daily doses, the incidence and severity of toxic manifestations 
were significanth' less. Deafness was not reported in any of the patients treated 
for pulmonarj* tuberculosis who are included in this report. Var 3 dng degrees of 
vestibular d 3 ’sfunction, as evidenced 63 * caloric stimulation tests and clinical 
s 3 'mptoms or both, were observed fnirl 3 ' often. It should be mentioned that 
periodic caloric tests ma 3 ' show the presence of considerable depression of the 
lab 3 Tinthine function in the absence of S 3 'mptoms. Depression of the labyrin- 
thine function may disappear during treatment and it occasional^’' disappears 
after completion of treatment. Moreover, in patients having complete loss of 
lab 3 Tinthine function, the corapensator 3 ’' balancing mechanisms usually become 
sufficientl 3 ’- effective to prevent prolonged and marked disability. Although 
such patients raa 3 ’ continue to improve for several months, difficulty in walking 
in the dark ma 3 ’ persist indefinite^'. 

Serious toxic manifestations can be largely avoided or greatly minimized if 
careful attention is paid to the selection of the proper dosage schedule, which is 
best calculated on a milligram per kilogram bod 3 ’' w’eight basis. In addition, 
periodic clinical and laborator 3 ’- observations should be made, including caloric 
stimulation tests, audiograms and blood urea nitrogen determinations when 
indicated. Finall 3 ', toxic effects of any consequence are rarely encountered 
in patients receiving a dail 3 '- dosage of 20 mg. per kg. of body weight. Although 
this dosage is undoubtedly beneficial in the majority of patients when proper 
indications are observed, nevertheless there is considerable evidence to suggest 
that a dail 3 ’' dosage of 30 to 40 mg. per kg. of body weight perhaps exerts a greater 
therapeutic effect, at least in patients wdth certain t 3 qDes of disease. As dihy- 
drostreptomycin appears to be of lower to.xicity than streptomycin in daily 
dosages of 30 to 40 mg. per kg. of body Aveight, it is belieA'ed that it may be pos- 
sible to provide greater antimicrobial effect wdth the derivative than with the 
parent drug (12). In any event, it has been conclusively demonstrated that 
therapeutically effective and essentially non toxic dosage schedules of streptomy- 



164 


RIGGINS AND HINSHAW 


cin can be determined with considerable accuracy for the tj^jes of pulmonary 
tuberculosis which usually respond favorably to the drug. 

Relapse: There is no theoretical reason to assume, or experimental, patho- 
logical or clinical evidence to indicate, that streptomycin, especially when used 
without collapse therapy, should or will reduce the incidence of relapse. On 
the contrary, it is logical to believe that the opposite may prove to be true. If 
the term relapse is used in a broad sense to denote progi-ession of disease that has 
become clinically or roentgenologically stabilized or regressive as a result of 
streptomycin therapy, or the reactivation of disease that has become arrested, 
there is considerable reason to believe that relapse is more likely to occur in 
patients who have received streptomycin. The reasons for this belief are: 
(j?) Many patients who do not receive streptomycin will not improve and there- 
fore will not “qualify” or become candidates for relapse for their disease may 
steadily progress until death ensues. (2) Conversely, many patients who re- 
ceive streptomycin will improve without attaining closure of cavities or reversal 
of infectiousness. In such instances the disease will usualty relapse, particularly 
if collapse therapy or some other definitive type of treatment is not used at the 
opportune time. (S) Patients who improve without streptomycin do so because 
of the re-establishment of a favorable host-parasite relationship as a result of an 
autogenous mechanism. Patients who improve as a result of autogenous mecha- 
nisms are more likely to attain lasting results than are patients who have inferior 
resistance and improve as a result of streptomycin therapy, an exogenous 
mechanism. (4) There is no evidence to indicate that streptomycin, even when 
it produces striking improvement, increases the native resistance of the patient, 
an important factor in the incidence of relapse. 

For these and other reasons prewously mentioned which clearly indicate 
that streptomycin is usually not a definitive form of therapy, additional treat- 
ment at the opportune time is essential if relapse is to be minimized or avoided. 
Relapse may occur (a) during treatment, (jb) soon after completion of treatment, 
or (c) with the emergence of resistant organisms. Therefore, it is evident that, 
if collapse therapy or other surgerj’- is to bo used most effectively and under the 
most favorable circumstances, it must be instituted in many instances within a 
few weeks after streptomycin is begun. Several of the present group of investi- 
gators have reported that many patients with extensive and recently acute, 
predominantly exudative disease have been able to have extensive surgery with 
remarkablj" little difficulty and with e.xcellcnt clinical and bacteriological results. 

SUjniARY 

The results of streptom 3 'cra therapj* in 332 patients with pulraonarj- tuber- 
culosis, treated by a group of cooperating investigators in the American Tnideau 
Societj’, are reported in summarj* form. 

On the basis of clinic.al, rocntgenolopc, and bacteriologic obscrvalion.s, it 
was clearly demonstrated, as prc%'iously reported by others, that the degree of 
therapeutic efficacy of streptomj-cin is definitely related to the characlcr of the 
pulmonarj' disease. Although improvement occurred much more frequently 
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and was more marked in patients with predominantly acute disease than in those 
with predominantly chronic disease, nevertheless significant improvement was 
reported by most of the investigators in a small percentage of patients with 
chronic disease. As the progression of chronic tuberculosis is fundamentally 
related to the occurrence of acute episodes, the great potentialities of the strategic 
use of short courses of streptomj’^cin to combat such episodes should be stressed. 

The larger daily dosages of streptomycin appeared to bring about more fre- 
quent and more marked improvement than the smaller daily dosages. Even 
though the larger dailj’’ dosages appeared to produce greater therapeutic effect, 
this advantage was often minimized or nullified by the more severe toxic manifes- 
tations incident to larger dosage. The availability of dihydrostreptomycin, 
which appears to be less neurotoxic than streptomycin, may aid in the solution 
of this problem. 

The occurrence of drug-fast organisms was found to be definitely related to 
duration of treatment. Organisms resistant to 10 or more y of streptomycin 
rarely occurred in patients treated for one month, but appeared frequently in 
patients treated for two months or more. It appears that “drug-fastness” is 
unquestionably a significant factor in limiting the effectiveness of the antibiotic. 

The failure to close cavities and convert sputum in a larger percentage of 
patients and the relapse of the disease with increasing frequency with passage of 
time (patients observed six to ten months after the beginning of treatment) 
suggest the limitations of antibacterial therapy for this characteristically chronic 
disease and emphasize the absolute necessity of also using more definitive treat- 
ment, notably collapse therapy, if lasting results are to be achieved. 

STJMAEIO 

Obra de Invesiigacion de la Estreplmnidna en la Tuberculosis por la American 
Trudeau Society. Memoria Sumarizada 

Esta memoria smnariza los resultados de la estreptomicinoterapia en 332 
tuberculoses pulmonares tratados en cooperacidn por un grupo de investigadores 
de la American Trudeau Societ 5 \ 

A base de las observaciones clinicas, radioldgicas y bacterioldgicas, demostrdse 
claramente, segun j’-a ban comunicado otros autores, que la eficacia terap4utica 
de la estreptomicina guarda relacidn bien definida con la naiuralcza de la afec- 
ci6n pulmonar. Axmque la mejorla fu6 mucho mas frecuente y mds pronunciada 
en los casos predominantemente agudos que en los predominantemente crdnicos, 
la mayor parte de los investigadores comunicaron tembidn mejoria significativa 
en im pequeho porcentaje de los enfermos crdnicos. Como la agravacidn de la 
tuberculosis cronica se relaciona fundamentahnente con la ocurrencia de epi- 
sodios agudos, hay que recalcar las grandes potencialidades que entrana el 
empleo estratdgico de breves series de estreptomicina para combatir dichos 
episodios. 

Las dosis diarias mayorcs de estreptomicina obtuvieron al parccer mejorias 
mas frecucntes y mas notables que las dosis diarias mds pequeiias. Si bien las 
primeras produjeron aparentemente maj’or efectu terapdutico, esta ventaja 
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CONSTITUTIONAL FACTORS IN RESISTANCE TO INFECTIONi- = 

I. The Effect of Estrogen and Chorionic Gonadotropin on the Course of Tuberculosis 

in Highly Inbred Rabbits 

MAX B. LURIE, SAMUEL ABRAjMSON’ AND MARVIN J. ALLISON 

Iotrodtjction 

In a study (1) on the native resistance of inbred rabbit families of vai^dng 
hereditary resistance to tuberculosis it was found that the fundamental variant 
in the disease developed by these families was the degree of localization of the 
infection at the portal of entr}'. Families of lugh resistance effectively limited 
the process to the lung, if the tuberculosis was of natural respiratorj’- origin, with 
little or no dissemination of the infection by hematogenous or lymphogenous 
routes. In families of low resistance, on the other hand, the primary tuber- 
culosis in the lung progressed rapidly and was soon widely disseminated through 
the body by the vascular s 3 ^stem. As bacterial infection takes place chiefly in 
the connective tissue, it was thought that the permeability of this tissue to 
particulate matter might be one of the factors in this resistance. In fact, in 
some families there is a parallelism between the spread of tuberculosis and the 
spread of India ink in the connective tissue of the sldn. That the spread of 
particulate matter in the sldn might be under the influence of naturally occurring 
hormones was suggested by the obseiamtion that male rabbits (2) limited this 
spread more effectively than females. Furthermore, Sprunt (3) has shown that 
the administration of estrogen restricted the spread of India ink in the skin. 
On the other hand, the intravenous injection of chorionic gonadotropin (4), 
which induced the formation of corpora lutea in the ovaries and the secretion of 
progesterone, enhanced this spread. 

It would follow, therefore, if the spread of particles, and among them tubercle 
bacilli, is a factor in the native resistance to tuberculosis, that suitable treatment 
of animals with estrogen should retard the tuberculous process. Conversely, ap- 
propriate e.\'posure of rabbits to chorionic gonadotropin or progesterone should 
enhance the disease. 

In this and the subsequent studios an cndc.avor %vas made to test this assump- 
tion. In general, the obsen'ations made substantiate the expected results. 
Anatysis of the results, however, has led bejmnd the point of departure of the 
effect of these hormones on the spread of particles to the problem of their in- 
fluence on the tuberculin sensitivitj' of the skin and on the allcrgj' of the internal 
organs; to their action on the irritability of the skin to noxious agents in general; 
and to their role in the occurrence of amyloid degeneration. The effect of thc.so 
hormones on the circulating Ij-mphocytes, on the adrenal, and on antibod.v 

! From Tlie Henry Pliipps Institute, University of Ponnsylv.'rnia, Philnddpiii.'i, Penn- 
Evlvanin. 

* Aided by n Rr.ant from tlie Commonwealth Fund. 

’ Tut)erculosis Control Division, Public Health Service, Fcder.al Security Afioncy. 
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production was studied with the view of a possible interrelation between these 
hormones and the functions of the pituitary gland and the adrenal cortex. 

Materials and Methods 

Female litter mate pairs of the susceptible family C (1) of the same age and of identical 
genetic and environmental liistory for the past six to eight inbred generations were divided 
into two groups. One-half served as controls and received 0.5 cc. of sterile sesame oil 
subcutaneously once a week. The other litter mates were given 0.5 mg. a of estradiol 
dipropionate^ in 0.6 cc. sesame oil at the same time and by the same route. Babbit pairs 
older than 10 months were ovariectomized, divided into control and experimental groups, 
and treated in the same manner. After the e.xperimental rabbits had been under the 
influence of the estrogen for about two weeks, 0.5 cc. of 1 :5 dilution of autoclaved India 
ink in saline was injected intracutaneously into both groups. The spread of the particu- 
late matter in the skin was determined on the next day by planimeter in a manner pre- 
viously described (4). The results will be discussed in the last paper of this series. When 
the estrogenic effect in the experimental animals was indicated by a marked increase in 
the size and congestion of the vulva and a definite enlargement of the nipples, these rabbits, 
together with their litter mate controls, were infected intracutaneously with the same dose 
of virulent bovine tubercle bacilli of the Ravenel strain. The inoculations were made on 
one side of the chest wall at the same distance from the midline and from the axilla. As 
the number of suitable litter mate pairs from these inbred families available at any one 
time was small, it was necessary to limit each individual experiment to 4 paris and to repeat 
the experiment three times. The infecting dose varied in each group and was determined 
by colony counts of the inoculum (5). Needless to say, in each experiment the control 
and estrogen-treated rabbits received the same dose. The estrogen and sesame oil in- 
jections, respectively, were continued at weekly intervals throughout the course of the 
disease. 

Two additional similar experiments were performed with litter mate pairs of the 
ninth and tenth inbred generations of the more resistant family A. The special conditions 
obtaining in these will be detailed later. 

Two and seven days after inoculation, and at weekly intervals thereafter until the 
death of the animal, the skin lesion at the site of infection was measured and its volume 
determined according to a formula previously described (1). Likewise, the size of the 
axillary lymph nodes draining the site of inoculation was f ollow^ed throughout the course 
of the disease. 

Whenever one of a pair died, its litter mate was killed and the extent of the disease 
in the draining lymph nodes and lungs was determined objectively by their weight in 
grams. A careful search of all the organs was made for disseminated lesions and their 
character and magnitude was estimated. The weight of the uterus and vagina, the 
adrenals, the pituitary and other organs was determined. 

Observations 

THE EFFECT OF ESTROGEN ON TUBERCULOSIS 

In text figure 1 may be seen the average volume of the lesion at the site of 
inoculation in the skin throughout the course of the disease in estrogen-treated 

* This and other sex hormones were generously furnished by Dr. Ernst Oppenheimer of 
the Ciba Pharmaceutical Products, Inc. 
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organs and reduced its dissemination. In one of these pairs, however, the tu- 
berculosis in the estrogen-treated litter mate was actually more extensive than 
in the control. It is noteworthy that this pair was quite young and had not 
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Text Figure 3. Average volume of local lesion in estrogen-treated and control litter 
mates of the C family (Experiment of 1945-1946). 



Text Figure 4. Average volume of local lesion in estrogen-treated and control litter 
mates of the C family (Experiment of 1946-1947). 

attained sexual maturity at the beginning of the experiment. While the uterus 
and vagina of all the estrogen-treated rabbits were quite hypertrophied, these 
organs were also quite large in some of the control litter mates. This is possibly 
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value, which is the sum of the degree of “plus” involvement of each, one plus 
being assigned the value of one. 



mates of the A family (Experiment of 1946). 





It is clear that estrogen retarded the progress of the disease at the site of inocu- 
lation in the skin of all rabbits. In 13 out of the 16 pairs tested the estrogen 
definitely reduced the extent of the disease in the lung, pleura and kidney, which 
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is a factor in resistance to tuberculosis, that the appropriate administration .,pf\ 
this hormone should enhance the tuberculous process. ’ ' 

Materials and Methods 

Accordingly, the following experiment on female rabbits was set up. Litter mates, or 
rabbits descended from at least one common parent of the seventh to the ninth inbred 
generations of the resistant A family, were divided into two groups. One group served 
as control; the others were given 0.02 to 0.2 mg. chorionic gonadotropin (6) intravenously. 
About one week later, when about 10 actively functioning corpora lutea had developed 
in the ovaries of similarly treated rabbits, both groups were injected intracutaneously 
nith the same suspension of virulent bovine tubercle bacilli of the Ravenel strain. The 
control animals received no treatment. The experimental animals continued to receive 
the gonadotropin intravenously every tenth day throughout the course of the disease, 
in order tp induce fresh crops of corpora lutea at a time when the preceding secretory 
bodies were beginning to undergo regression.' The progress of the lesion at the site 
of inoculation was carefully measured tliroughout the course of the infection. Some 
pairs were allowed to diefrom their disease in order to determine the duration of the disease 
in the two groups. In other instances, if one of a pair died its mate was killed on the 
same day. The extent of the disease in the various organs was carefully ascertained both 
macroscopically and microscopically. 

In text figure 6 may be seen the average progress of the lesion at the site of 
inoculation throughout the course of the disease in 4 rabbits under the influence 
of gonadotropin as compared udth that in 4 untreated litter mates. It is clear 
that the volume of the lesion in the rabbits under the influence of the gonado- 
tropin is consistently larger than that of the control rabbits. 

In table 6 are listed all the pertinent data of the above 4 pairs as well as those 
of additional control and gonadotropin-treated animals studied on another oc- 
casion. For the sake of brerdty they are placed together in one table. All the 
rabbits were sexually mature and thus weie capable of fullj'’ responding to the 
gonadotropin. The close genetic relationship, if not identity, of these two groups 
is shown in column 3. That the progress of the lesion at the site of inoculation 
was uniforml 3 ’’ enhanced in the gonadotropin-treated animals is shoAvn in column 
4 and illustrated in figures 3 and 4 (Plate I). In the majority of instances the 
extent of the disease in the internal organs was definitely enhanced and in 6 of 
the 7 pairs of e.xperimental animals the degree of dissemination of the disease by 
hematogenous and lymphogenous routes was definitely greater than in the con- 
trols. It is noteworthj'- that there was a definite tendency for a shorter du- 
ration of the disease in the e.xperimental animals. That the gonadotropin- 
treated animals were under the physiologic influence of the hormone is shown 
in the last column of tliis table, where it may be seen that all the gonadotropin 
animals showed either corpora lutea in the ovary or diffuse luteinization of its 
stroma. 

That these results are specific for gonadotropin and that the observed differ- 

' We are indebted to Dr. Gregory Pincus who suggested this procedure and to Dr. Samuel 
Gurin who furnished the highly purified gonadotropin. 
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In rabbits under the age of 4,8 months estrogen exercised a less constant effect 
and in some instances the tuberculous process was intensified in the internal 
organs. 

By contrast, in a small series of highly inbred mature rabbits, the periodic 
administration of chorionic gonadotropin, which induced successive crops of 
corpora lutea in the ovary in the early phase of the disease, uniformly enhanced 
the tuberculous process at the site, of cutaneous inoculation, increased its dis- 
semination, and in the majority of instances aggravated the extent of the disease 
in the internal organs. Although the number of animals involved was small, 
the effect appeared specific, for ovariectomy or the daily administration of phys- 
iologic quantities of progesterone with several 7 of 7 estradiol to genetically 
similar animals exercised no effect on the process. The lack of complete uni- 
formity in the influence of chorionic gonadotropin on the tuberculosis may be 
related to the inconstant development of fully formed corpora lutea in the ovary 
throughout the course of the disease in response to the repeated gonadotropic 
stimulations. As no rabbit gonadotropin has been isolated and, perforce, the 
human protein was used, it may not be surprising that occasionally the sera of 
the rabbits chronically treated with the gonadotropin inactivated the hormone, 
as had been observed by others ( 8 ). 

Because of this inherent difficulty no further studies were attempted. Never- 
theless, the results strongly suggest that gonadotropin affects the tuberculous 
process in a manner opposite to that of estrogen. 

The observed effect of estrogen on the tuberculous process is in accord with 
the studies of Sprunt and McDearman (9), Foley and Aycock (10) and von 
Haam and Rosenfeld ( 11 ), who have shown that estrogen exerts a protective in- 
fluence against acute infections caused by vaccinia virus. Streptococcus and 
Pneumococcus, respectively. However, investigators of the effect of estrogen 
in the chronic infection, tuberculosis, are quite contradictory in their conclusions. 
Some assert that it enhances the disease ( 12 ), others hold that it exerts no effect 
on the process (13). Similar differences of opinion have been expressed on the 
effect of gonadotropin on tuberculosis (14). These varying conclusions suggest 
that the effects cannot be of great magnitude. In the present experiments the 
factor of the natural resistance of the control and experimental animals was care- 
fully balanced by the use of liighly inbred litter mates of genetically uniform 
stock and of closely similar hereditary resistance to the disease (1) . Under such 
conditions it should be possible to observe an effect which might be masked by 
natural variations in resistance of genetically differing animals. This was indeed 
the case. Furthermore, it has been shown by Sprunt and confirmed in the 
present studies that estrogen retards the spread of particles in the skin. For 
this and other reasons the cutaneous portal of entry was used. As it has been 
shown b}’’ Thomas and Duran-Re 3 mals (15) that the incorporation of hyaluroni- 
dase in the oculum of tubercle bacilli injected intracutaneously enhances the 
disease, it is to be expected that a natural hormone which increases the con- 
nective tissue permeability to particulate matter would also accelerate the tu- 
berculous process. 
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tropina coridnica, quo provoc6 la aparicion clc cucrpos amarillos cn el ovario 
en la fasc mas temprana dc la doloiicia, intensified invariablemente la agravacidn 
de la enfermodad cu cl sitio dc la inoculacidn iiilracutdnea, aciecentd la difusidn 
en el cuerpo y, cn la mayoria de los casos, agmvd su extension en los drganos 
internos. Ni la ovarioctomia ni la inyeccidn coinbinada a diario de cantidades 
fisioldgicas dc progesterona y estradiol cjercicroii cfecto algiino. Discutese la 
posiblc importancia de estos cfectos hormdnicos sobre la patogenia de la tuber- 
culosis pubor en la hembra humana. 
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Estrogen-treated rabbits and controls were also sensitized by the intracutaneous in- 
jection of identical amounts of heat-killed bovine tubercle bacilh at the same intervals. 
This was done to determine the effect of tliis hormone on skin sensitivity in the absence of 
active disease. As heretofore, 0.5 mg. of a-estradiol dipropionate in 0.5 cc. of sesame oil 
was given to the e.xperimental rabbits at weeklj’- intervals for fourteen days before the 
beginning of sensitization and throughout the study thereafter. The control animals 
received 0.5 cc. of sesame oil without the hormone at the same time. 

Since the tuberculin sensithdty induced by treatment with heat-Mlled tubercle bacilli 
lasts for many months, and, furthermore, since injected estrogen is eliminated from the 
body, the effect on skin allergy of withdraning the hormone and subsequently readminis- 
tering it was studied. 

To determine whether estrogen has the same effect on the sensitivity of the skin and on 
that of the internal tissues, control and estrogen-treated rabbits, sensitized with heat- 
killed tubercle bacilli, were injected with 0.2 cc. of a 1 ; 10 dilution of tuberculin subcutan- 
eously instead of intracutaneously. The response was measured by the rise in the ab- 
solute number of circulating poljTuorphonuclear leucocytes. For the same purpose, the 
extent of caseation in the tuberculous tissues of the estrogen-treated and control animals 
at death was correlated with the tuberculin skin sensitivity during the animal’s life. 
Tissue culture studies on the effect of tuberculin on white blood cells derived from estrogen- 
treated and control rabbits, all sensitized with heat-killed tubercle bacilli, were also per- 
formed with the same obj ect in xdew. Methods used in these experiments will be described 
in detail later. Finally, it became apparent during the course of this work that estrogen 
might affect the inflammation which a particular agent induced in the tissues apart from 
the phenomena of sensitization. Hence, several toxic substances were injected into the 
skin of imsensitized estrogen-treated and control animals, and the volume of the ensuing 
inflammation was measured as heretofore. 

Restjlts 

THE EFFECT OF ESTROGEN, CHORIONIC GONADOTROPIN, PROGESTERONE AND 
OVARIECTOMY ON THE TUBERCUUN SKIN SENSITIYITY OF RABBITS 
VTTH PROGRESSIVE TUBERCULOSIS 

Text figure 1 presents the average skin sensitivity in 4 estrogen-treated and 
4 litter mate controls of the C family throughout the course of their disease. 
All the relevant data for this experiment of 1945-1946 are detailed in text figure 
3 and table 2 of the preceding paper (1). It is evident that estrogen markedly 
and consistently reduced the skin sensitivity to tuberculin until very late in the 
course of the infection, at which time the less extensively diseased hormone- 
treated animals showed a somewhat higher sensitmty than their controls who 
were on the verge of death. As is well knowm, tuberculin skin sensitivity de- 
clines markedly during the last stages of tuberculosis. 

Text figures 2 and 3 present similar observations in the experiments of 1946- 
1947 on rabbits of the C and A families, respectively, which are detailed in text 
figures 4 and 5 and tables 3 and 4 of the preceding study (1). It is again clear 
that estrogen umformly reduced the skin sensitivity in the same manner as in 
the experiment of 1945-1946. 

Text figure 4 shows the average degree of tuberculin sensitivity of the skin at 
different intervals during the course of the disease in 5 control rabbits of the 
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Text Fiouee 3. Average volume of tuberculin reaction during courac of infection in 
estrogen-treated and control litter mates of the A family (Experiment of 194G-1947). 
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Text Figure 4. Average volume of tuberculin reaction during course of infection in 
cborionic gonadotropin-treated, progesterone-treated and control litter mates of tbe A 
family (Experiment of 1944-1945). 

terialty affect the process, both consistently lowered the skin sensitivity as com- 
pared tvith that observed in their litter mate controls. Furthermore, ovar- 
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HAl WLUEO TUDERCtE BACLLI 



Text Figxthb 5. Average volume of tuberculin reaction after sensitization with heat- 
killed tubercle bacilli in estrogen-treated and control inbred rabbits (Experiment of 1946). 

►CAT M.IXD TUBERCLE BACU.I 

llllll 1 


O.IM Ud. ESTROOEH TWICE WEEULT OiS UCL CSTOOSEH 



Text Fiounn 6. The effect of estrogen and its withdrawal and rcadministration on 
tuberculin skin allergj" in rabbits sensitized with heat-killed tubercle bacilli (Experiment 
of 1940-1047). 
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on subcutaneous injection. It is thus apparent lliat estrogen did not lower the 
leukocytic iTsponsc of allci-gic mlibit.s to tuberculin. 

THK Tl'nr.UCt'I.lN SIIXSITIYITY OF F.XP1>AXTS OF Ul.OOn nF.UKOCYTES nKUIVED 

FROM sFXsrrizi:n, ksthogex-tiikati;!) axd coxTuon a\nnrrs 

Since the original tissue culture .studie.s of Kicii and Lewis (.5) on the tuberculin 
re.nction have shed the clearest light oji (he phenomenon, an attempt was made 
to determine whether any difTcronce in coll sensitivity to tuberculin could be 
demonstrated in explnnts of blood lcukoc\ic.s derived from e.slrogcn -t reated and 
control rabbits, sensitised with he.at-killcd luhen'lc l)ncilli. 

Throe cstrogcn-trc.'ilo<l and three control nihl)its were eensitired with hc-at-killed 
tubercle b.acilli .ns detailed above in text figure G. After rcjJMled tuberculin skin tests 
bad sbowni that in the rabbits under the influence of the hormone tlic inflammatory re- 
sponse was marke<Uy dcpre-swl, blood was withdrawn from the. heart of the rabbits of 
both groups. Tlic citmted blood w.n-s centrifuged and the leucocytic layer was coagulated 
with 0.5 per cent calcium chloride in GeyVsnIution (G). The tissue w.as minced into pieces 
of approximately 1.0 mm. in diameter, washed with Gey’s solution, and )uckcd up by a 
Pasteur pipet bent at the tip .and placed in a test tui)e 150 by l.S mm. The arnmgement 
of the cxjjlaiits was a.' follows. Five bits of tissue from an e.vperimental animal were 
placed in a .straight line extending approximately halfway up the tube. A few drops of 
the clotting ini.vturc were tlien run down the tube .along the line of .cxplant.® and allowed 
to remain in a horironta! j»osition until coagulation had occurred. The same procedure 
w.as then repeated with five bit.s of tissue from a control anim.al along the oppo.site side of 
the same tube. The clotting mixture con.eislcd of equal amounts of heparinized chicken 
pla-sma, and 10 d.ay chick cml)r^’o extract in Gcy’.c solution. The latter contained the 
appropriate dilution of Old Tuberculin prepared on Ix)ng’s sjmtbetic medium, or the con- 
centrated sterile medium which served as control for the tuberculin. In the cjise of each 
row of expinnts the tube was manipulated .ro that c.ieh cxplant wn.s surrounded 1)3' several 
millimeters of clot. Tliclubas were then stoj)percd and incubated at ^ 7^0 in a roller-tube 
mechanism. Tlic cultures wore examined after twentx'-four hours and the farthc.st dis- 
tance of migration of lcucoc\’tcs from (he pcrii)hcr3' of the e.\j)Iant was measured b}' an 
ocular micrometer. These radii were determined in four directions .at 90 degree intervals 
around the cxplant, and tlie mean was taken ns the average distance of migration. The 
results arc given in arbitrarx- units of the ocular micrometer used in lhe,sc experiments. 

In prcliminar3' axperimenls it was found that the preparation of tuberculin 
used in these experiments showed a ven*' marked inhibition of migration of the 
leukoc3'tcs of sensitized rabbits at a concentration of 1:500 and no statistical 
significant effect at 1 :4,000. In order to allow an oppQrtunit3' for the demon- 
stration of an}' difference in sensitivity between estrogen-treated and control 
rabbits it was thought best to use the intermediate concentration of 1:1,000. 

It was obseiwed that a 1 '.1,000 solution of uninoculated medium showed no 
effect on the tissue cultures. Hence it was considered justifiable to attribute 
the inhibitor}' effect of tuberculin at concentrations of 1:1,000 to specific sen- 
sitization and to use .saline solution as control material for the tuberculin. 

In the major series of tissue culture experiments, ten explants of leukocytes 
from each rabbit were cultivated in the presence of tuberculin at concentrations 
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rabbits. E%’’en what appears to be a reduction in the tuberculin sensitivity of 
the sViu is not due to a lower degree of sensitization of this tissue, but rather to 
an alteration induced by the hormone in the inflammatory responsiveness of the 
sldn to the irritant. That the intrinsic allergic irritability was unaffected was 
demonstrated by the withdrawal of the hormone. 

TABLE 3 


The effect of estrogen on the inflammatory irritability of the skin to heat-killed tubercle 

bacilli and to perhtssis endotoxin 


RESPONSE TO BEAT-KILtED TUBERCtE BAaLLI 

RESPONSE TO PERTUSSIS ENDOTOXIN 

Group 

Rabbit number 

Volume of 
inflammation 

Group 

Rabbit number 

Volume of 
inflammation 



mm.** 



mm.’* 

Treated with 


44 

Treated with 

V 30 

76 

estrogen 


34 

estrogen 

V366 

81 



54 


V784 

144 


V267 

26 


V 267 

28 


V 414 

39 


V 414 

50 


Average 

39 


Average 

76 

Untreated 

T 33 

69 

Untreated 

T 33 

68 

controls 

V685 

140 

controls 

V685 

392 


V36S 

85 


V368 

432 


U 57 

76 


U67 

118 


S 376 

97 


S376 

54 


Average 

93 


Average 

213 


* Per cubic millimeter of free flowing, venous blood. 


That this is the correct explanation for the reduction of the sldn sensitivity 
by estrogen may be seen from the following obseiwations. 

Ten unsensitized genetically closely related rabbits were divided into two groups. 
Five were treated with estrogen as usual. The remaining animals served as controls. 
After the experimental animals had been under the influence of estrogen for twenty days, 
both groups received 1.0 mg. of heat-killed tubercle bacilli of the Eavenel strain intra- 
cutaneously. The extent of the inflammation at the site of injection was measured in 
both groups forty-eight hours later. On another occasion both groups were inj ected intra- 
cutaneously with 0.1 cc. of 1 :200 dilution in saline of a sonic vibration extract of Bacillus 
pertussis'^ (7). On the second day the ensuing inflammation was measured. The results 
are presented in table 3. 

It is evident that the inflammatory reaction to both bacterial agents is reduced 
in the skin of estrogen-treated rabbits. As the rabbits received these irritants 
for the first time, no phenomena of sensitization were involved. Thus two sub- 
stances of primary toxicity to the skin induced less inflammation in animals imder 

‘ The pertussis endotoxin was kindly furnished by Dr. Joseph Smolens. 
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general. The importance of tliis observation in the interpretation of the problem 
of the relation between allergj’- and immunity is obvious. 

SUMJIARY AND CONCLUSIONS 

1. Estrogen reduced the inflamraatorj’’ response of the skin to tuberculin in 
rabbits sensitized by active tuberculosis or by treatment with heat-killed tu- 
bercle bacilli by virtue of the depressing effect of the hormone on the inflam- 
mator}’' irritabilit 3 ’' of the skin to bacterial irritants in general. 

2. The acquisition of intrinsic allergic sensiti'vdty of the tissues in general, as 
well as that of the skin, is not reduced bj’' estrogen administration. 

SUILVRIO 

Faciorcs Conslilucionales m la Resistencia a la Infeccidn: II. El Efecto del 
Eslrdgeno sobre la Cutisensibilidad a la Ttibercidina y sobre la Alergia de 

los Tejidos Internos 

1 . El estrdgeno atenud la respuesta inflamatoria de la piel a la tuberculina en 
los conejos sensibilizados por tuberculosis activa o por tratamiento con bacilos 
tuberculoses muertos al calor, por virtud del efecto depresor que ejerce la hor- 
mona sobre la irritabilidad inflamatoria de la piel a los irritantes bacterianos en 
general. 

2. La adquisicidn de sensibilidad aldrgica intrinseca por los tejidos en general, 
asi como por la piel, no es rebajada por la administracidn de estrdgeno. 
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III. On the Mode of Action of Estrogen and Gonadotropin on the Progress of Tuberculosis 

MAX B. LURIE, SAAIUEL ABRAMSON,* A. G. HEPPLESTON< and 
MARVIN J. ALLISON 

Introdtjction 

In the preceding studies (1, 2) an endeavor was made to elucidate the mecha- 
nism whereby, on the one hand, estrogen retarded the progress of tuberculosis 
and, on the other, chorionic gonadotropin enhanced the dissemination of the 
disease. It was found (2) that estrogen markedly suppresses the inflammatory 
response of the skin to tuberculin in rabbits sensitized by active tuberculosis or 
by treatment with heat-killed tubercle bacilli. It was also found, however, that 
estrogen reduces the inflammatory response of the skin to bacterial toxic agents 
in general and hence also to tuberculin, which is toxic to sensitized animals. 
Therefore, this seemingly depressing effect of estrogen on allergy, one of the im- 
portant elements in the tuberculous process, is not due to an essential alteration 
in the allergizing mechanism but rather to the masking of an existing unaffected 
allergy by the hormone. What role, if any, this reduction in the inflammatory 
response of the skin plays in the retardation of tuberculosis by the hormone is 
not clear. 

In a further effort to demarcate the means by which estrogen retards the prog- 
ress of tuberculosis, information was sought as to the effect of estrogen on the 
rate of multiplication of tubercle bacilli at the site of inoculation in the skin and 
in the metastatic foci. Bacterial infection takes place chiefly in the connective 
tissue. As the outstanding effect of estrogen on tuberculosis is its restricting 
influence on the dissemination of the infection, whereas that of gonadotropin is 
the enhancement of this process, studies on the alterations produced by these 
hormones in the constituents of the connective tissue were instituted. An en- 
deavor was made to determine whether estrogen affected the concentration of 
water in the connective tissue of the skin. Studies were also undertaken to 
determine the effect of estrogen and chorionic gonadotropin on the hs^aluronic 
acid of the skin and on its vascular permeability; for these factors play a sig- 
nificant role in the dissemination of particles and bacteria in the connective 
tissues. 

As stated in the second paper of this series (2), the parallel observed between 
the effect of estrogen on the spread of particles on the one hand, and on the 
progress of the disease on the other, was not constant. Therefore, other clues 
were sought to explain the obsen^ations. 

* From The Henry Phipps Institute, University of Pennsylvania, Philadelphia, Pennsyl- 
vania. 

- .-tided by a grant from the Commonwealth Fund. 

* Tuberculosis Control Division, Public Health SerA’icc, Federal Security Agency. 

< Dorothy Temple Cross Research Fellow of the Medical Research Council of Grc.at 
Britain. 
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In view of tiio well known interrelation between the gonads and the adrenals 
and the studies of Sclyc (3) on the adaptation syndrome and, in \dew of the 
demonstration by White and Dougherty (4) of the controlling effect of the 
adrenal corticosterones on the IjTnphocjdes and their dissolution, and further- 
more in consideration of the observations of hlcMaster and Hudack (5) and 
Ehrich and Harris (6), which strongly suggest that lymphocytes play a significant 
role in antibody production, the effect of the administration of estrogen on the 
adrenal cortex and on antibodj' formation was studied. The influence of this 
hormone on the thjToid gland was also noted. 

Finally, during the coui-se of this investigation, it was found that estrogen 
markedl}’- suppressed the usually extensive am 5 'loid degeneration in the spleen 
of rabbits Avith chronic tuberculosis. In the following pages these data are 
evaluated and an attempt is made to integrate the obser\'ations in the light of 
present knowledge. 


TABLE 1 


Fa(c of iuherde bacilli at the portal of entry and in the draining nodes and kidneys of 
estrogen-treated and normal rabbits 


RAUniT KUMBtS 

DAYS 

Arm 

xvixenoN 

KnuncK or viiunx tuhesox nAaiit o» outcse 

Local lesion 

Draining nodes j 

Kidney 

Eiperimtntal; »ge 
in months »t 
time of infection 

Control; age in 
months at time 
of infection 

EaiiCTi- 

mental 

Control 

Eiperi- 

mental 

Control 

Eiperi" 

mental 

Control 

A9=08; 17 

A9=99;17 

2 

SO 

624 


1,225 

1 

1 

A9=102; 17 

A9=103; 17 

7 

1,140 

1,116 

29,800 

14,520 

0 

0 

.\9=135; 4 

A9=13S;4 

14 

56,000 


260,000 

— 

0 

? 

A10=7;4 j 

> 

o 

tl 

o 

2S 

11,000 j 

19 



0 

0 


Observations 

THE EFFECT OF ESTROGEN ON THE RATE OP MTILTIPLICATION OF TUBERCLE BACILLI 

IN THE TISSUES 

It was reported by Faulkner (7) that the estrogenic substance, diethjdstilbes- 
trol, is bactericidal to tubercle bacilli in vitro. It became necessarj’’, therefore, 
to determine whether the natural estrogen, estradiol, used in these studies re- 
tarded the tuberculous process b 3 '- suppressing the multiplication of the bacilli 
in the tissues. To ansAver this question, four litter mate pairs of the A family 
WHre divided into tw’o groups. One received 0.5 mg. of a-estradiol dipropionate 
subcutaneous^ in sesame oil once a iveek, and the other received the same 
amount of oil without the hormone. "llTien the experimental animals had been 
under the influence of estrogen for two w'eeks, both groups were infected intra- 
cutaneously with virulent bovine tubercle bacilli. At various intervals follow^- 
ing infection, weighed amounts of the cutaneous lesion, the draining lymph nodes, 
and the internal organs were cultured on a modified Lownnstein medium (8) and 
the number of viable tubercle bacilli that they contained was determined as 
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described in previous studies (9). Estrogen was administered at weeklj’’ inter- 
vals throughout the course of the experiment. 

The results are presented in table 1. It is e\ddent that estrogen exercises no 
constant effect on the growth of tubercle bacilli at the site of inoculation or in 
the metastatic foci in the early stages of the infection. 

THE EFFECT OF ESTROGEN AND GONADOTROPIN ON THE CONSTITUENTS OP THE 

CONNECTITO TISSUE OP THE SKIN 

Table 2 shows the effect of estrogen treatment on the spread of India inlc in 
the rabbits of the experiment cited in the above paragraph, previous to infection. 
Included in this table are similar data on a group of litter mates of the C famil 3 ^ 
Clearly, estrogen usually restricts the spread of particles in the skin to a consider- 
able degree, as shoum previously by Spnmt (10). 

TABLE 2 


The effect of estrogen on the spread of India ink particles in the skin 


GSOUP 

RABDIT NtJMBER 

1 DAY SPEEAD 

RABBIT KITUBER 

1 DAY SPEEAD 
uu> 

Untreated controls 

A9=99 

1,187 

CS=2 

1,470 


A9=103 

1,800 

CS=17 

2,122 


A9=13S 

1,458 

CS=19 

1,850 


A10=10 

1,722 

CS=23 

2,787 


Average 

1,542 

Average 

2.057 

Estrogen treated 

A9=9S 

507 


1,120 


A9=102 

1,367 




A9=135 

1,361 




A10=7 

967 

II 

CO 

O 



Average 

1,066 

Average 

1,410 


* Area of spread in square millimeters as determined by planimeter. 


THE EFFECT OF ESTROGEN ON THE CONCENTR.VTION OF W.\TER IN THE SKIN 

As stated above, it is possible that much of the retardation of the progress of 
tuberculosis induced bj’’ estrogen maj' be due to its restricting effect on the spread 
of particles, such as tubercle bacilli, in the tissues. Therefore, the mechanism 
whereby estrogen reduces the pemieabilitj' of the connective tissue was investi- 
gated. 

It is well Icnown that estrogen produces a great increase in the water content of 
the sexual skin of monke 3 "s. Furthermore, it has been demonstrated b 3 ' Zuckcr- 
man (11) that estrogen increases the water of the sldn of mice. If rabbits are 
similarly affected b 3 ' the hormone, a simple explanation for the restricting effect 
of estrogen on the spread of particles Avould be at hand. The water in the con- 
nective tissue is not in a free state but is either intracellular or bound to the matrix 
or in a film about the fibres and cells (12). As a result of the introduction of 
estrogen, these cells and fibres may swell. Thus the turgescence of the connoc- 

























CONSTITUTIONAL PACTOKS IN KESISTANCE TO INPECTION 


201 


tive tissue elements would increase and in tliis way hinder their disruption by 
particles introduced into their interstices. Accordingly, the water content of the 
skin of estrogen-treated and control, litter mate rabbits was determined. 

About one gram of clipped skiu was excised with sharp, curved scissors. After 
removing the adliering blood with gauze, the slcin was quickly placed in a pre- 
viously accurately weighed covered bottle and heated to a constant weight at 
100° C. From these data the concentration of water in the skin of estrogen- 
treated and control animals was determined. The observations are presented in 
table 3. 

It is evident that estrogen does not increase the total concentration of the 
water in the skin, ''i^^lether the hormone alters the distribution of water be- 
tween the extra- and intracellular compartments has not been determined. 


TABLE 3 

The effect of estrogen on the concentration of water in the skin 


GTIOTJP 


PER CENT or 
WATER 

GROUP 

RABBIT NUMBER 

PER CENT or 
WATER 

Untreated con- 

T 33 

67 

Untreated 

A9=99 

63.3 

trols 

V 6S5 

69 

controls 

A9=103 

67.9 


V 368 

67 


A9=138 

71.3 


U 57 

69 


A10=10 

75.4 


S 376 

65.5 





Average 

67.5 


Average 

69.5 

Treated with 


65 

Treated with 

A9=98 

69.0 

estrogen 


67 

estrogen 

A9 = 102 

68.4 


U 784 

68 


A9=135 

74.2 


V 267 

67 


A10=7 

68.5 


V 414 

69.7 





Average 

67.3 


Average 

70.0 


THE EFFECT OF ESTROGEN AND CHORIONIC GONADOTROPIN ON THE SPREADING 
INFLUENCE OF HYALURONIDASE 

It was sliorni in a previous study (13) that chorionic gonadotropin enhances 
the spread of India ink in the skin. The process is mediated by the corpora 
lutea engendered in the ovary by the gonadotropin for in ovariectomized animals 
this hormone has no such effect. Furthermore, progesterone also tends to 
enhance the spread of d 3 '’es in the skin. Estrogen exercises an opposite effect, 
restricting the spread of particles. Hence it was thought possible in connection 
with the peimeability of the skin, that the interrelation between the enzyme 
hyaluronidase and its substrate hyaluronic acid ma 3 ’’ be under the influence of 
the sex hormones (14). Further support for this notion is afforded by the fact 
that a substance similar to h 3 'aluronic acid accumulates (15) in the sex skin of 
monke 3 ’'s, under the influence of estrogen. 
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tlie same diminution in the spreading effect of hj'aluronidase on hemoglobin was 
seen in animals xmder the influence of gonadotropin as distinguished from those 
under the effects of estrogen. In this case, however, the difference was not quite 
statistically significant for the “P” value was 0.04. Furthermore, hyaluronidase 
enhanced the spread of India inlc to a slightly greater extent in estrogen-treated 
rabbits than in normal litter mates. The difference was observed in only half of 
the tests, however, and the results were not statistically significant. 

The enhancement of spread induced by hyaluronidase is due to the hydrolysis 
of the hyaluronic acid matrix of the connective tissue (14). Therefore, the en- 
zyme depolymerizes this intercellular substance over a wider area or more com- 
pletely in estrogen-treated rabbits than in animals imder the influence of gonado- 
tropin. A similar though less constant difference would appear to obtain 

TABLE 4 


The effect of hyaUironidase on the spread of India ink in the skin of normal, estrogen-treated, 
and gonadotropin-treated litter mates of the inbred rabbit family A 


GROUP 

NUMBER 

OP 

rabbits 

SPREAD OP INDIA INK IN Mil* 

SPREAD OP BEUOOLOBIN IN ItU* 

Without 

hyal- 

uioni- 

dase 

With hyal- 
uronidase 

Average 
of 10 
obser- 

Increment of 
spread for 
both doses 

Without 

hyal- 

uronic 

dase 

With 5 
Y of 
h>'al- 
uroni- 
dasc 
per cc. 

Increment 
of spread 



vations 

Normal 

5 

221 

233 

283 

259 


2S5 

595 

2.1 db 0.11 

Estrogen 

5 

164 

194 

209 

202 


224 

518 

2.3 db 0.11 

Gonadotropin 

5 

261 

275 

295 

283 



636 



“P” value of difference between the effect of the enzyme on the spread of ink in estrogen- 
treated and goniidotropin = 0.002. 

“P” value of difference between the effect of the enzyme on the spread of ink in normal 
and estrogen-treated = 0.10 (not significant). 

“P” value of difference between the effect of the enzyme on the spread of hemoglobin 
in estrogen and gonadotropin-treated = 0.04. 

“P” value of difference between the effect of the enzyme on the spread of hemoglobin 
in normal and estrogen treated = 0.11 (not significant). 

between the slcin of estrogen-treated and normal rabbits. This greater hydrolj^sis 
of hyaluronic acid by its enzyme in animals imder the influence of estrogen than 
in rabbits under the effects of gonadotropin may be due to a number of variables. 
The interstitial pressure at the site of injection of the hyaluronidase, the concen- 
tration of the substrate, and its resistance to hydrolysis by the enzjme or the 
modification of the latter bj’’ the respective hormones, may be concerned. 

A further attempt to differentiate the hyaluronic acid content of the skin of 
the above three groups of rabbits by staining the skin for metachromasia, as 
described bj* Wislocki and Dempsey (17), yielded no significant observations. 

THE EFFECT OF ESTROGEN AND CHORIONIC GONADOTROPIN ON TISSUE AND V.^SCUL-VR 

rER.ME,\BIUTY 

It is established that in the fowl estrogen causes a marked increase in the cal- 
cium level of the blood. In the present studies there was a slight increment of 
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tissue in estrogen-treated rabbits on the one hand, and of the increased permea- 
bilitj’' of this tissue in gonadotropin-treated rabbits on the other. 

The intensity of color of these areas of tiypan blue extravasation which ap- 
parently mirrors the amount of dye exuding from the vessels into the tissues, 
tends to be less in the estrogen-treated rabbits and more in the gonadotropin- 
treated animals than in the corresponding litter mate controls. This interpreta- 
tion is plausible, for this dilTerencc could not be accounted for by variations in 
the rate of removal of dye from the site of extravasation by the tissues, as estrogen 
would aid its accumulation and gonadotropin would increase its dispersion. 

TABLE G 


The effect of estrogen on the circulating Itjmphocytes of normal and ttd>crculous inbred rabbit 

litter mates 


CROUP 

SADBIT NUICBER 

ABSOLUTE NUltBER OF LYUPnoCVTES PEE 

Before infection 

After infection 

Trior to estro- 
gen treatment 
of group 2 

20 days after es- 

trogen treat- 
ment of group 2 

11 days after 
infection 

103 days after 
infection 

(1) 

C8=2 

4,392 

4,520 

4,579 

mm 

Not treated with estro- 

CS=17 

4,858 

4,185 

3,750 


gen 

C8=19 

4,772 

3,738 

5,481 



08=23 

5,23G 

3,953 

2,525 



Average. . . 

4,690 

4,049 

4,084 

5,512 

(2) 

08=1 


2,150 

2,208 

4,802 

Treated with estrogen 

08=16 

4,982 

4,683 

1,515 

1,340 


08=18 

4,862 

2,247 

1,980 

3,032 


08=24 

2,215 

2,072 

972 

2,480 


Average. . . 

4,197 

2,788 

1,669 

2,914 


*Per cubic millimeter of free flowing, venous blood. 


Thus additional evidence has been given for the view that the permeability of 
the connective tissue of estrogen-treated rabbits is reduced, whereas that of litter 
mates under the influence of gonadotropin is increased. Furthermore, there is 
suggestive indirect evidence that the permeability of the blood vessels ma 3 ’' be 
similarly affected in opposite directions by these two hormones. 

THE EFFECT OF ESTROGEN ON THE ADRENALS 

During the course of these studies it was found that in estrogen-treated rabbits 
the absolute number of circulating lymphocjiies ■was usually markedly reduced. 
This is illustrated in table 6. It udll be seen that both in normal and tuberculous 
rabbits imder the influence of the hormone the lymphocytes are conspicuously 
diminished as compared with those in normal or tuberculous litter mates which 
were not treated with estrogen. 
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of estrogen effective in retarding the progi-ess of tuberculosis in rabbits undergo 
the "alarm, reaction” and respond vdth the general adaptation syndrome as 
described by Selye (3). 

However, rabbits given the same amount of estrogen on a body weight basis 
for three to eight weekly injections, showed a slight but statistically insignificant 
increment in their adrenal weights as compared with litter mates treated with the 
same amount of oil without the hormone. On the other hand, prolonged treat- 
ment with this amount of estrogen in tuberculous rabbits is associated with a 
relative diminution of the adrenal weights as compared with the values for tuber- 
culous litter mates not under the influence of the hormone. This reduction in 
the adrenal weights is of marginal statistical significance for the “P” value is 
0.024. Thus, prolonged treatment with estrogens tends to diminish the size of 
the adrenals. The meaning of this observation has not been elucidated. 

TABLE 7 


The effect of estrogen on the weight of the adrenals of normal and tuberculous animals after 

varying intervals of treatment 


NUIEBEU Oy 
WEEKLY 
INJECTIONS 

AKtHALS USED 

KlJilBER or ANttULS AND THEIK 
A\'EEAGE WEIGHT IN GRAMS 

WEIGHT or ADRENALS IN MG. PER 100 
GRAMS OF BODY WEIGHT 

Control 

Treated 

Control 

Treated 

i*pii 

value of 
diSerence 





3 

Mice 

12 

18.9 

10 

19.1 

38 ± 2.3* 

51 ± 3.8t 

0.004 

3 to 8 

Normal rab- 
bits 

9 

3,390 

9 

3,170 

10.8 ± 1.0 

12.5 ± 1.4 

0.166 

15 or more 

Tuberculous 

rabbits 

11 

2,320 

1 

11 




0.024 


* Width of cortex 2.2 ± 0.05. 

t Width of cortex 2.9 rfc 0.19. “P” value of difference between the width of the cortex 
of the adrenals in normal and estrogen-treated mice = 0.002. 


There is, however, one striking observation recorded in table 7. The adrenal 
weight of untreated tuberculous rabbits is more than twice that of normal litter 
mates, with a “P” value of 1.000. This increase in milligrams of adrenal weight 
per 100 grams of body weight cannot be ascribed to the loss of body weight due 
to the tuberculosis and a failure of corresponding loss in adrenal weight. The 
average loss of weight of the tuberculous rabbits was only 31 per cent, whereas 
the gain of the adrenals constituted 117 per cent. Clearly, therefore, tubercu- 
losis as such causes an increase in the size of the adrenal and the infection induces 
an hypertrophy in the adrenal corte.x, for the medulla is not affected by' the 
disease. This would suggest that the corte.v of the adrenals exercises an impor- 
tant function in the course of tuberculosis. A similar, though statistically' less 
significant, increase in the adrenal weights of estrogen-treated tuberculous 
rabbits as compared with hormone-treated non tuberculous animals was noted. 
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For this purpose the livers of the same group of 15 rabbits used in the above 
'experiment on hyaluronidase were stained for gl 5 '-cogen bj’- the Bauer-Feulgen 
method (22). It will be remembered that these rabbits consisted of three groups 
of litter mates. Five of these were under the influence of estrogens, 5 had been 
treated ndth chorionic gonadotropin, and 5 served as controls. All these rabbits 
had been on a constant diet for a long time and were killed on the same da 5 ^ The 
first group of rabbits had received their third weelcly injection of estrogen ten 
da 3 's before death; the second group had received their third intravenous dose of 
gonadotropin five daj's before thej’’ were killed. The rabbits in these three groups 
were of uniform weight and nutrition at the time of death, the average weight 
ranging between 3.1 to 3.4 kg. The estimate of gl 3 ’-cogen deposition in each of 
these rabbits was based on the extent and intensity of the staining reaction. 

Tlfliile there was considerable variation in the deposition of gl 3 "Cogen in the 
individual rabbits of each of the three groups, it was nevertheless evident that 
the least gtycogen deposits were found in the rabbits under the influence of 
gonadotropin. In some rabbits under the influence of estrogen the most exten- 
sive deposits of glycogen were found, though the overall difference between these 
rabbits and their litter mate untreated controls was not significant. 

Thus no clear evidence has been obtained to demonstrate that estrogen in- 
creased the adrenocortical function in the rabbit. It must be stated, however, 
that in tuberculous rabbits mider the influence of estrogen the adrenal cortex 
always appeared intact. In the adrenal cortex of tuberculous litter mates e.x- 
amined at the same ioterval after the same inoculation, but not treated with 
estrogen, there were often areas of necrosis, hemorrhage, and leukocytic infiltra- 
tion, as may be seen in figures 1 and 2, Plate I. 

That the administration of estrogen ma 3 ’' affect other glands of internal secre- 
tion is suggested b 3 ^ the observation that, in more than half of the tuberculous 
rabbits under the influence of the honnone, the epithelium of the acini of the 
th 3 Toid gland was definitely more cuboidal and the colloid accumulation less 
pronounced than in the untreated tuberculous litter mates. 

ESTROGEN AND ANTIBODY FORMATION 

As stated above, estrogen causes a marked depression of circulating lympho- 
cytes. There is considerable evidence that l 3 mphocytes play a role in antibody 
formation. It has also been claimed that the administration of oxygenated 
corticosterones, which cause the dissolution of l 3 mphocytes, enhances antibody 
formation (23). Moreover, von Haam has reported that theelin increases agglu- 
tinin production against the pneumococcus (24). Consequently an attempt was 
made to determine whether estrogen-treated rabbits produce antibody more 
rapidly and to a higher titer than normal litter mates. 

Three such trials were made, two with chloroform-killed t 3 q)hoid bacilli as 
antigen and one with alcohol-killed dysenter 3 ’’ bacilli. The results are sum- 
marized in figures 1, 2 and 3. Each point plotted in these three figures repre- 
sents the geometric mean of the antibody titer of 5 rabbits. 

It is clear that, irrespective of the number of antigenic stimulations, there is no 
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under the influence of these two hormones do not account for their respective 
effects on the tuberculous process. 

THE EFFECT OF ESTROGEN O.N AMYLOID DEGENERATION 

As is well known, chronic tuberculosis in man may be associated wdth exten- 
sive amyloid degeneration. Likewise, in rabbits djdng from a slowly progressive 
tuberculosis, there is a severe amyloid degeneration of the malpighian corpuscles 
of the spleen. Thus the finding that tuberculous rabbits under the influence of 

TABLE 9 


The effect of estrogen aiid diorionic gonadotropin on the dcrclopmcnl of amyloid degeneration 
and its correlation u'ith the extent of the existing tuberculosis 


CROUP 

HAWBIT 

NUiTOER 

EXTENT or 
AMYLOID DE- 
CENXRATIOK 

EXTENT OF 
TUBERCU- 
LOSIS 

CROUP 

RABBIT 

NUMBER 

EXTENT OF 
AMYLOID DE- 
GENERATION 

EXTENT OF 
TUBERCU- 
LOSIS 

Untreated 

C6-54 

+++ 

10.0 

Estrogen 


0 

3.0 

controls 

C7-10 

+++ 

20.0 

treated 


0 

15.0 


C7-27 

-1-+-1- 

17.5 


C7-26 

+ 

9.5 


C7-S 

-1- 

15.0 


C7-7 

0 

9.0 


C7-29 

H — 1 — 1-+ 

15.0 


C7-2S 

0 

6.5 


C7-13 

++-1- 

19.5 


C7-12 

0,TB* 

8.5 


C7-16 

+++ 

13.5 


C7-15 


S.O 


C7-36 


27.0 


C7-40 


16.5 


A10=30 

++4- 

22.0 


.410=27 

trace 

14.0 


A10=23 

0 

10.5 


A10=21 

-f- 

19.5 


A10=19 

+++ 

24.5 


A10=1G 

0,TB* 

9.0 



+ + 

16.5 


A10=25 

-|~± 

17.5 

Untreated 

A7=29 

-b+d' 

12.0 

Gonadotropin 

A7 = 24 

+++ 

17.5 

controls 

AS =22 


16.0 

treated 

AS =20 

-b-t-l- 

16.0 


AS=3S 

+++-}- 

7.0 


A7=39 

+++ 

16.5 


AS=45 

+++-f 

7.5 


A9 = 56 

+ -1- 

22.0 


A9=54 

0 

8.0 


A9=63 

0 

18.0 


A9=G1 

0 

13.0 


A9=43 

-f-f-l- 

9.0 


A9=40 

++++ 

13.0 


A9=S7 

+++ 

16.0 


A9=44 

0 

1.5 






A9=S7 

0 

5.5 






* Tuberculosis present. 


estrogen either failed to show any amjdoid degeneration at all, or were affected 
by it onlj'' to a very slight degree, appeared to be of considerable significance. 
Moreover, in untreated litter mates simultaneouslj’’ infected wdth the same sus- 
pension of virulent bovine tubercle bacilli b 3 '’ the same route, which died or w^ere 
killed at the same time, the degeneration wms usual^'' extensive and frequent^ 
had practically replaced most of the splenic parenchjmia. This is illustrated 
in figures 3 and 4 of Plate I. 

That this effect is specific for estrogen is indicated in table 9, which records the 
extent of amjdoid degeneration in estrogen-treated and chorionic gonadotropin- 
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I’LATK I 

Mntrnificatioa of fi(;urcs 1 ami 2 ajrjrroxiinatcly X •l it), ami of rarare.-i ;i ami 1 ajiproximalclv 

X KX) 

l io. 1. (l;j(i)cr left) Aflrctial of control raliliit 07-2!) at death. There is a hirno area 
of necrosis in the eorlex. 

Fro. 2. {L'ltper risht) .'\ilrenal cortex of cstroiren-trcalc'd litter mate C7-2S. 

I'lo. 3. (Lower left) Spleen of control ralibil C7-I.'L I'lie palp is hirfcely replaced hy 
amyloid det'enerntion. 

Fm. 4. (Lower ri(;hl) Spleen of e.stroKen-trealed litter mate C7-12. There is no 
amyloid dcKCiieration. 
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ascribed to their adrenocortical influence on this basis. The increased secretion 
of ascorbic acid by the adrenals may be a factor in the reduction of the tuberculin 
sensitivity of their skin, for Steinbach ( 27 ) showed that sensitized guinea pigs 
may be protected from tuberculin shock mth ascorbic acid. 

In view of recent claims that antibodj’- production is enhanced bj’’ the adminis- 
tration of cortical hormones, it is noteworthy that neither estrogen nor gonado- 
tropin significantly affected agglutinin formation against the t3’phoid or d^-scn- 
tery bacillus. While there is no clear evidence that these sex hormones affect 
the disease via the adrenals, it must be emphasized that tuberculosis as such 
causes a marked h5'pertropli3' of the gland, suggesting that it pla3'S a significant 
role in the tuberculous process. In this relation it may also be stated that in 
one-half of the rabbits under the influence of estrogen there was some l^er- 
plasia of the th3Toid. This indicates that the administration of estrogen is not 
without effect on other endocrines. 

One of the most impressive differences between estrogen-treated and control 
tuberculous rabbits was the marked reduction in amyloid degeneration in the 
spleen which is characteristic of rabbits d3dng from chronic tuberculosis. This 
could not be accounted for b3' the less extensive disease in the hormone-treated 
animals. rrequentl3' the difference in the extent of the disease was onl3' moder- 
ate in the two litter mates, whereas the am3doid degeneration was extensive in 
the control animal and complete^' absent in the estrogen-treated rabbit. This 
effect was specific for estrogen, as ovariectom3’ or progesterone and gonadotropin 
treatment had no effect on the degree of am3’loid degeneration. The significance 
of this observ'ation remains to be determined. 

In the same categor3’ is the fact that, while prolonged estrogen treatment tends 
to reduce the adrenal weights, the incidence of degenerative processes in the 
adrenal, such as hemorrhage, lcukoc3'tic infiltrations, and focal necrosis is deti- 
niteh' reduced in estrogen-treated rabbits. Wiat this means has not 3’ct been 
ascertained. 

Conclusions 

1 . Estrogen retards the progress of tuberculosis at the portal of entr3' in the 
skin and diminishes its di.s.somination to the internal organs in highl3' inbred 
rabbits chiefl3' 1)3' nxlucing the permcabilit3' of the connective tissue. 

2 . Chorionic gonadotropin enhances the disease at the portal of cntr3' and its 
spread through the bod3' mainh' 1)3' increasing the permcabilit3' of the connective 
tissue. 

3 . Ih'aluronidase exerts a greater spreading effect in estrogcn-treatcil animals 
than in rab!)its under the influence of gon.adotropin. 

•I. lilstrogcn re<luccs the numl)er of circulating l\'mphoc3'tcs of the bloo^l. I'he 
intermediation of the adren.al cortex in this effect w.as not demonstrated. 

■). Tuberculosis p^'r fc induces a marked lix'iiert ropin' of the adrenals in rabbits. 

0 . The reduction of the infl.-immnforA' resj)onsivcm's.s of the skin to the prid- 
urts of tul)'-'rc!e bacilli indncefl bv' estrogen is not a significant factor in this hor- 
mone’s eapacit\' to retanl the tnls'rculotis proe^vs. 



COXSTITUTIONAL FACTORS IN RESISTANCE TO INFECTION 


217 


7. Estrogen and gonadotropin exert no eCfect on antibody formation. 

S. Estrogen markedly suppresses the development of amyloid degeneration 
in the spleens of tuberculous rabbits. 

SUMARIO 

Faciores Conslihtcionahs cn la Resifcncia a la Infeccidn: III. Modo de Aduar 

dd Estrogaw y de la Gonadotropina sohre la Evohtcidn de la Tuberculosis 

1. El estrbgeno retarda el proceso tuberculoso en la via de entrada en la piel 
y disminuye su diseminacidn a los drganos internes en los conejos muy entre- 
eruzados, principalmente por reducir la permeabilidad del tejido conjuntivo. 

2. La gonadotropina coridnica realza la enfermedad en la via de entrada y su 
propagacidn por el cuerpo, principalmente por acrecentar la permeabilidad del 
tejido conjuntivo. 

3. La hialuronidasa ejerce mayor efecto propagador en los animales tratados 
con estrdgeno que en los conejos sometidos al influjo de la gonadotropina. 

4. El estrdgeno reduce el mimero de linfocitos en la circulacidn. No se 
demostrd la inteia’^encidn de la corteza suprarrenal en este efecto. 

5. La tuberculosis evoca per se pronunciada hipertrofia de las suprarrenales 
en los conejos. 

6. La disminucidn, evocada por el estrdgeno, de la respuesta inflamatoria de 
la piel a los productos de los bacilos tuberculosos no constituye un factor signi- 
ficativo en la capacidad de dicha hormona para retardar el proceso tuberculoso. 

7. El estrdgeno y la gonadotropina no ejercen efecto alguno sobre la forma- 
ci6n de anticuerpos. 

8. El estrdgeno suprime notablemente el desarrollo de degeneracidn amiloidea 
en los bazos de los conejos tuberculosos. 
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LETTERS TO THE EDITORS 

STREPTOMYCIN-DEPENDENT STRAINS OF MYCOBACTERIUM 

TUBERCULOSIS 

To the Editors of the Avtaicar, Eeviem of Ttthcrcuhsis; 

Miller nml Bohnlioff in 1917 (Science, 1017, 105 (2737), 620) were the first to demon- 
stmto that bacterial \*ariants dependent upon streptomycin for gronih may appear in 
cultures otherwise sensitive to streptomycin. This observation has been confirmed since 
by a number of other investigators. Recently we h.ave been succc.ssful in isolating several 
streptomycin-dependent variants of M. (uhcrcvloris. 

In a study of the. chemotherapeutic value of various antituberculous agents, mice 
infcctecl intraccrebrally with the UrRv strain of M. tuhcrcvlosis were cultured at the time 
of death on four media; ( 1 ) Dubos liquid medium, containing 0.02 per cent Tween 80 and 
0.5 per cent albumin; (S) Dubos mcditmi to which had been added streptomycin in a 
concentration equivalent to 500 ■>• of pure streptomycin base per ml.; (S) Herrold’s egg 
yolk agar; and (4) Herrold’s egg yolk agar to which streptomycin had been added in a 
concentration equivalent to 500 y of pure base per ml. Incubation was carried out at 
37° G for a j>criod of six to eight weeks. 

A total of lOG animals were cultured. Of these, 161 were positive for tubercle bacilli 
when cultured on the Dubes merlium containing no streptomycin; 147 were positive when 
cultured on Hcrrold’s egg yolk medium containing no streptomycin. On one or both of 
these media, 1S4 (95 per cent) of the 196 animals cultured were positive for tubercle bacilli. 
All of these strains were highly sensitive ( <10 y per ml.) to streptomycin in spite of the 
fact that many of the animals had received repeated injections of large dosages of strepto- 
mycin for thirty-one days folloning inoculation. 

Of the 190 animals cultured, 13 were positive for tubercle bacilli when cultured in Dubos 
liquid medium containing 0.02 per cent Tween SO, 0.5 per cent albumin, and the equiva- 
lent of 500 y of streptomycin base per ml These same 13 animals all showed growth of 
streptomycin-sensitive tubercle bacilli when cultured in the absence of streptomycin. 
All of the strains isolated on the streptomycin-containing media at first grew only in the 
presence of high concentrations of streptomycin. On subsequent transfers in vitro, rapid 
and hc.a\T growth appeared in all instances on media containing streptomycin, diliydro- 
streptomycin, mannosidostreptomycin, or streptomycin residues containing both strepto- 
mycin and mannosidostreptomycin. Faint growth occurred at this time, however, in 
all instances on streptomycin-free media, but subculture of these nondependent variants 
indicated that they could not be propagated repeatedly in the absence of streptomycin. 

In all eases, the streptomycin-dependent strains of tubercle bacilli described above were 
highly resistant to streptomycin in vitro. The sensitivity of S of these strains to strepto- 
mycin ranged from 5,000 to 10,000 y per ml, while 2 were sensitive to 2,500 7 per ml. 
The remaining 3 strains grew readily in concentrations of streptomycin equivalent to 
more than 500 7 of pure streptomycin base per ml. In all instances, the growth was less 
in the presence of low concentrations of drug, suggesting that the strains may well contain 
some cells growing more readily in the presence of higher concentrations of streptomycin. 

In no instance were streptomycin-dependent variants isolated on Herrold’s egg yolk 
medium containing streptomjxin. 

Of the 13 streptomycin-dependent strains isolated, 6 were tested for virulence and for 
their in vivo sensitivity to streptomycin. Mice belonging to the C57 or DBA strains were 
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infected intracerebrally with 0.01 cc. of a standardized culture of each strain. All cultures 
used for inoculation of mice were grown for ten daj’s in the Dubos liquid medium contain- 
ing 0.02 per cent Tween SO and 0.5 per cent albumin. Cultures were diluted with sterile 
Dubos liquid medium immediately prior to use to a final density' of 57 to 63 per cent trans- 
mission (Photovolt Lumetron No. 400). A portion of the infected mice were held as 
untreated controls while 10 received 4 mg. (total weight) of pine streptomycin sulfate 
daily by the subcutaneous route for a period of tlurty-onc days. All animals were ob- 
served for a period of sL\ months. Animals were autopsied at the time of de.ath and the 
presence of tuberculous lesions determined bj* gross pathological e.vamination, culture for 
tubercle bacilli and by microscopic examination for acid-fast bacilli. The dt^roc of 
pathogenicity was measured b}' the rate at which the mice succumbed to the tuberculous 
infection. Only one or 2 of the 6 strains showed a degree of \*irulcnce comparable with 
the original culture of HjiRv from wliich those streptomycin-dependent strains had been 
derived. The remaining strains possessed little xdrulence for mice, three to six months 
being necessarj’ to produce death in a portion of the animals, while the remainder sundved 
for a period of over six months. In no instance was xdrulcnce enhanced by the administra- 
tion of streptomycin. Those strains possessing idrulence, however, were sensitive to 
streptomycin in nVo. 

At the time of death all animals showed gross evidence of tuberculosis. On culture 
from the lungs of a portion of these animals, both streptomycin-resistant and strepto- 
mycin-dependent strains of tubercle bacilli were isolated. In no instance were strep- 
tomycin-Ecn.'-itivc strains recovered. This is of interest in \new of the fact that some of 
the cultures were recovered from streptomycin-treated animals in which the per cent 
Eundval was slightly greater than in the nontreated animals. 

It is apparent from these obsen-ations that variants of M. tuberculosis dependent upon 
streptomycin for growth may appear in othenwc sensitive cultures. It is further appar- 
ent that dependency prob.ably is .a.'Jsociatcd closely with resistance in \-iew of the fact tliat 
all dependent strains hoLated were resistant to streptomycin in eilro, and on pa.ssagc tn 
nro produced streptomycin-resistant and streptomycin-dependent .strain.s only. Tlte 
ability of microorganisms to adapt themselves in such m.anncr ns to permit their uti- 
lization of streptomycin .as an essential factor for growth may contribute in part to the 
limited cfTcctivcncss of the drug ns a chemotherapeutic agent. 

T. F. I-r.Kr.nr 

G. I>. llortnr 

Biolooic.\l L\nor..\TOP.Y 
Cmis, Pnrrn A Co., I.vc., 

BiiooKLa'N, Nf.w York. 

OcTonrn 29, I9tS. 
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TUBERCULOSTATIC ACTIVITY OF AUREOMYCIN IN VITRO AND 

IN VIVO 

To the Editors of the American Review of Tubercidosis: 

In ^'iew of the interest in the possibilities of aureomycin as a therapeutic agent in 
tuberculosis, it may be of value to present some preliminary results of experiments on the 
tuberculostatic effect of this drug in vitro and in vivo. 

The growth inhibiting action of aureomycin^ (Lederle Lot No. 7-8071 A, crystalline 
hydrochloride) on the laboratory strain H37 Rv was tested in four different types of fluid 
mediiun. After eleven days of incubation, growth was inhibited by 5 r of aureomycin per 
cc. in Tween-albmnin medium; 2.5 y per cc. in Proskauer and Beck’s medium; 5 y per cc. 
in Youmans’ modification of the Proskauer and Beck medium, and 40 y per cc. in the 
latter medium plus 10 per cent beef serum. At the sixteen day observation period, the 
minimal inhibitory concentration was 10 y per cc. in Tween-albumin and Proskauer and 
Beck’s medium, 20 y per cc. in Youman’s modification of Proskauer and Beck’s medium^ 
and over 40 y per cc. in the medium with serum. 

Twenty guinea pigs (average weight 500 Gm.) were infected subcutaneously with 0.02 
mg. of the H37 Rv microorganisms and one-half of the group were started on aureomycin 
treatment ten days later. The drug was given by intramuscular injection at twelve hour 
intervals. Initial dosage was 0.2 mg. per day, which was increased gradually to 1.6 mg. 
per day. It was felt that the animals could not tolerate much more than this amount 
for they exhibited a marked weight loss and appeared to be in worse condition than the 
untreated controls subsequent to the third week of therapy. 

All survivors were killed 58 days after infection. At this time, 7 of the treated animals 
had died, but only 2 of the controls had succiunbed. A comparison of the amount of 
tuberculous disease observed grossly at death or sacrifice revealed no difference between 
the group treated with aureomycin and the untreated control group. 

It would appear from these observations that aureomycin, in the dosage used, had no 
deterrent effect on the course of the tuberculous disease in guinea pigs. 

It is realized that the aureomycin dosage was relatively small, but it compares favor- 
ably with the intramuscular dosage in man reported in the literature (0.6 to 3 mg. per kg. 
per day, Bryer et al, J. A. M. A., 1948, 138: 117; and Wright et al., J. A. M. A., 1948, 138: 
408). Moreover, the dose used in the present e.xperiments was the maximum tolerated 
dosage for the guinea pigs by this route. The response of tuberculous infection of animals 
of other species which might be able to tolerate higher doses of aureomycin cannot be 
predicted. The intramuscular administration of aureomycin to guinea pigs, however, had 
no effect upon the course of their tuberculous infections. 

The 'Trudeau Laboratory 
Trudeau, New York 
December 17, 1948 

^ Supplied by courtesy of the Antibiotics Study Section, National Institute of Health, 
United States Public Health Service, Washington, D. C. 


W. Steenken, Jr. 
E. WOUNSKT 
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Tuberculous and Meningococcal Meningi- 
tis. — patient mth meningococcal meningitis 
was being treated adequately. Although the 
cerebrospinal fluid became sterile, the patient’s 
condition suddenlj' took an unfavorable turn. 
Ewdence of a coexisting tuberculous infection 
then was found and the patient died. The 
diagnosis was confirmed by necropsy. In 
retrospect, the fact that onlj’ 54 per cent of 
the cells in the cerebrospinal fluid were neutro- 
philes is of interest. The reported case is 
about the thirtj'-fourth in the literature. — 
Coexistuig iuberculotts and ^neningococcal men- 
ingitis, E. A. Riley, Ncic England J. Med., 
September 29, 1948, 239: SSG.—{k. G. Cohen) 

Tuberculous Pericarditis. — Tuberculosis is 
recognized as a cause of constrictive peri- 
carditis. Pockets of fluid or of inspissated 
residue have been found in the pericardium 
but a frank abscess containing tubercle bacilli 
has not been reported. Pleural effusion is a 
frequent concommitant and may be part of 
a polyserositis. A case is reported which 
progressed through the usual course of 
pericardial effusion, pleural effusion, and 
venous obstruction. At operation a tuber- 
culous abscess was found, pericardectomy was 
done, and streptomycin was instilled locall 5 ’- 
and given parenterally after operation. A 
good clinical result was obtained and no 
sinus developed. — Constrictive pericarditis with 
hibcrcitlous intrapericardial abscess treated 
with streptomycin, J. A. Moore & J. D. 
Mxtrphy, Ann. Surg., May, 1948, 127: 685.— 
(17. H. Oalway, Jr.) 


Pathogenesis of Industrial Pulmonary 
Disease. — ^The discussion is limited to sub- 
acute and chronic pulmonary disease resulting 
from the inhalation of particulate matter of 
low solubility. The inhalation of irritating 
dusts results in certain changes in the behavior 
of the lung which in some cases favor the re- 
tention of fine particles in larger numbers than 
usual. For example, there is a reduction in 
the pulmonarj’’ volume and an increase in the 
rate accompanied by broncliiolar constriction 
which, if maintained, leads to stasis of secre- 
tions, patchy atelectasis, and emphysema. 
Broncliiolar constriction is accompanied by 
an increase in residual ah'. Reduction of the 
capillary flow in atelectatic areas ci'eates con- 
ditions favorable to the accumulation of 
phagocjdes which have engulfed the dust. 
These pliagocjdes may die in situ, autolyze, 
and liberate dust which, if toxic, stimulates 
local fibrosis. Thus atelectasis and eniphy- 
sema resulting from bronchiolar constriction 
favor markedly the local deposition of dust. 
The majority of the particles are carried by 
lymphatics to the hilar nodes but some enter 
the capillaries and flow into the systemic cir- 
culation. This is a protective mechanism as 
regards particles that have settled in the 
alveoli and the overall drainage rate is an 
important factor. The upper portions of the 
lung are first and most severely affected, sug- 
gesting that the rate of drainage is closel 3 ’’ re- 
lated to lung movement. This is consistent 
also with the obseiamtion that continued activ- 
ity sometimes delays the onset and lessens 
the disabilit 3 '' in some progressive pulmonary 
diseases. At present the solubility of the 
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particles is thought to be the most important 
factor in the production of pneumoconiosis. 
Certain critical considerations must be eval- 
uated, however, before accepting this thcorj'. 
(1) The chemical attributes of inhaled ma- 
terial must greatb' affect the cliaractcr and 
degree of tissue reaction. (2) Tlie differences 
in solubility between active and inactive dusts 
have been classified only empirically as yet. 
(S) Toxic materials and ions which dissolve 
from the surface must be shorni to differ 
quantitatively and qualitiativcly and their 
solubility must be related to the pathogenicity 
of the particles. This had been shomi to be 
generally true of silica. The determination 
of solubility of siliciou.s materials is difficult 
but it has been shomi that the solubility of 
quartz dust is inversely related to the particle 
size. Other unsolved problems include the 
effects of critical concentmtion on the rate 
and the course of development of the disea-ce. 
It follows that the development of chronic 
pulmonarj* di.=ca.=e is dependent upon (/) the 
chemical charactcri.«tics of (he du.'t, (£) the 
solubility rate of particles within certain 
ranges and (S) e.vpo.'nirc to an adequate con- 
centration of dust over a sufficient itcriod of 
time. Hic rate of development will depend 
upem the ade<iuacj‘ of the drainage sj'stom ns 
determined by previous histoiy witli respect 
to earlier infections and exposure to (he irri- 
tant. Tis-me rfactinn« are seen peribronelii- 
nlly, in tlie pleiinr, perivascul.ar ti'^.-ues, infer- 
ftiti.a! ti-.Mifs, alveeibr wall, and along (Ite 
hTnplaties. Vi'lsere pi i.agc>ey tr-s have ae- 
curnul.ated and died, fo<’.al jirolife.'ation in the 
porilyri'.pli-vtie sl-.eatlis aith an aerumulation 
of pfi-.grrf'vtrs impni.'s Ixanphafie dmin.agc. 
Ti.o (■•:t''?andirig jxitl.nlngy may l><’ in tlie lung 
r.r.'l *}■'• (’••-iurbar.rf of lung !i!r.''t!on may 
d'-mi’' tl." picture !r;t v. iili Pu’-g edtif imje*!, 
r>wrri- li-!';'.' devrl -p in the .ati- 

d r.air;.-',! vio-ern — r/ {f.'l’i'trir,' 
pu’r- -,.:';. diVc'c, 1!'. ’.t/c-AV,' 

Jf.--. 'p-js, ic: Tt'-'.— iG. T. .’fiVAc.’.'i 

I’utm.cnj.'T Chsr-tfx t-". nfrytllarr. Vi'eriers. 
— V.tr»cm Vi t-'ryl d';*i a*. Ir.e 


of beryllium from the ore, the production of its 
s.alts, oxides and alloys, during the manu- 
facture of fluorescent Lamps, neon tubes, radio 
tubes, and in research and pharmaceutical 
plants. In all of these situations there h.as 
been definite evidence of disease among the 
employees aitli symptomatologj', roentgeno- 
graphic pattern, and pathology so similar (hat 
beryllium or one of its compounds is su.'pccted 
as the cause. The incidence and severity of 
the disease arc proportionate to the degree of 
exposure and chemical irritation. Most 
patients recover within a few weeks or months 
folloaung removal from c.vposurc but re- 
currence may occur without rc-exposure and 
the disease may last months or years. The 
onset may be ns long as six years after the 
Last exposure. The onset is insidious and 
characterized by cough with occasional dull, 
burning substcrn.al pain. Dyspnea follows 
the coiigli; cyanosis, low bloo<l pre.ssure and 
clubbing of the fingers .arc frequent physical 
findings, .\nore.xi.a and weight loss arc com- 
mon, usually accompanied by increasing f.a- 
tiguc. Physie.al findings indicate an absence of 
infection althoiigli the ptil.ce rate i.s rapid. 
Tlie pathology is that of .an atypic.al pneumoni- 
ti.s, pulmonary edema, and hemorrh.age. Tlic 
lesions in the so-e,alIe<l chronic pulmonary 
gramilomato>ic nro seen gro.ssly as small pin- 
head-sirc<I, wliitisfi nodule.s throughout tlie 
lungs. T.ymjdi nodes ocensinnally are en- 
larged .am) m.ay .show are.-is of gninul.ir, 
grayish-white necrosis, Tiie rariie-t |f-io;i'' 
consist of eliimps of liy.stiocyte,*; and mo/!crat<- 
c<lcm.a aithin the alveoli. Later the no-'lulr'* 
of hi'lioeytit's are mrrounded by a rom* of 
haapli'M-ytes and oee.asinn.al pLasm.a eel!" 
Tlie end st.age is market! by an nrv'.a of hy.il.'.ai- 
ration. Only •tihanile and elironic form' ef 
the di“e.a«e h.ave hee-i rocogni?'-ti h'lt it i* 
jv>*sih!e th.at tliffc i" an acute type 11 ' 

roentgenf’empLic' finding-t are d ','>•■:! dent u;>' n 
the pithnlogy p re cat A ilifTtr-' grt 'jr. i cb “ 


tle-’ity r.p;>t-ir’' in 

Lith lung* n 

ttiv-V' after the cn 

>■'. fit .«yrnpt‘’.r 

by r.rec.' t.f 'I'ft 

infiltrati'-n* a 

by di-tia-t finm: n 

arkir-r' an i h 
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nodules are then seen. These disappear in 
one to four months and arc usually gone before 
the sj-mptoms subside. Some residual fibrosis 
may be seen. Most of the cases followed by 
the authors, some since 1942, were of the 
chronic tiTie. Much hilar lymph node en- 
largement was found in these cases and was 
associated with upward displacement of the 
short septum and with basal emphysema, 
"With the increase in basal emphysema more 
cases having clubbing of the fingers and 
cyanosis may appear. Seven cases developed 
small pneumothoraccs. A few cases have 
shown a clearing of the granular and nodular 
densities, but some residual linear fibrosis 
was present and clinicallj- there was evidence 
of subnormal pulmonarj’ function. The size 
of the nodules varied in indhddual cases; in 
a few the original "sand-like” pattern was 
retained or simulated by a fine nodulation. 
Roentgenograms during acute e.xacerbations 
showed what is believed to be edema. The 
patient usually recovered with bed-rest and 
oxj'gen therapy and the roentgenographic 
findmgs returned to the pattern seen before 
the attack. Those who succumbed usually 
bad cor pulmonale. The degree of involve- 
ment as seen roentgenolopcally is not always 
an indication of the degree of disability. 
Differential diagnosis includes a consideration 
of pulmonary sarcoidosis, miliary tuberculosis 
and silicosis. No specific mode of treatment 
has been foimd. Spectrography has been the 
only reliable method for determining such 
small amounts as 5 -y or less. It can be used 
to detect beryllium or berjdlium products in 
the urine and to analyze dust concentrations 
in the plants. — Delayed chemical 'pneumonitis 
or diffuse granulomatosis of the lung due to 
beryllium, S. A. Wilson, Radiology, June, 
194S, SO: 770— (G. F. Mitchell) 

Beryllium Pneumonitis. — laboratory', 
worker developed a chemical pneumonitis 
three years after exposure to zinc beryllium 
manganese silicate used in making fluorescent 
lamps. The period of exposure was one year. 
The chief sy'mptoms were cough, dyspnea 
and extreme loss of weight. The roentgeno- 


gram four months after the onset showed fine 
punctate lesions or gray markings through- 
out both lung fields. A film at eight months 
showed the same findings v.'ith some e\ddence 
of a reticular pattern. At seventeen months, 
there was more reticulation with small scattered 
nodules aboxit 2 mm . in diameter. At twenty- 
one months, there was more definite fine nodu- 
lation. At thirty months, there was con- 
siderable fibrosis. A liver biopsy' showed a 
granulomatous lesion. Clinically', there was 
no improvement three years after the onset. — 
Delayed pneumonitis in a beryllium worker, 
J. N. Agate, Lancet, October 2, 1948, 2: 530 . — 
(A. 6. Cohen) 

Anthraco-slUcosis. — Anthraco-alicoas, com- 
monly called “miner’s asthma”, is a chronic 
disease due to breatliing air containing dust 
formed in the various processes of mining 
and preparing anthracite coal. It is char- 
acterized anatomically by generalized fi- 
brotic changes throughout the lungs, the 
presence of excessive amounts of carbonaceous 
and siliceous mateiial, a compensating em- 
phy'sema, and often by cardiac changes in the 
later stages of the disease. A review' of some 
obserx'ations made in coal miners w'ith an- 
thraco-silicosis over a period of 27 y'ears is 
presented. One thousand cases were studied 
from the standpoint of the age and build of 
the worker, the working conditions, years of 
e.xposure, and race. No race was found to be 
particularly resistant. A man must be ex- 
posed to a siliceous dust from five to seven 
years before changes in the lungs can be noted 
in the roentgenogram. A thorough liistory 
and roentgenographic axamination, including 
fluroscopy', is essential for the diagnosis. 
Stereoscopic films are indispensible in the first 
and second stages of the disease. Infection 
is more frequent in the third stage of the dis- 
ease and nonspecific infections in the first and 
second stages respond quite well to ordinary 
treatment. Tuberculosis is not a common 
complication in the first two stages of the 
disease nor xmder the age of fifty. Total and 
permanent disability has never been observed 
from anthraco-silicosis alone unless the dis- 
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observed in 19-17 which could be proved to be 
ideirticjil with Q-fever by complement fixa- 
tion tests. He was able to identify the dis- 
ease among a family group of 4 people all of 
whom became ill within three days with a 
characteristic febrile illness accompanied b}’ 
moderate to marked prostration and c-xten- 
sive pathological findings in the lungs. An- 
other epidemic of tliis disease was obsered in 
a \'illage where 50 cases of Q-fever pneumonitis 
were seen withm four weeks. One of these 
cases was fatal. Tlrirt}' cases were obsera’cd 
in a boarding school in Geneva in June, 1947 
and sporadic cases have been obsen'ed in the 
spring and fall of 1947 in the canton of St. 
Gallen. The illness was characterized by 
fever, severe constitutional sjTnptoms, head- 
ache, and profound prostration. Phj'sical 
examination was often negative but roentgeno- 
grams usually showed impressive consolida- 
tions in one or more lobes. The course was 
usually benign with resolution between the 
fifth to twelfth day, but pleural effusions and 
orchitis were frequently seen. The etiological 
agent is Rickettsia burneti and diagnosis is 
usually made by rising titers of the specific 
complement fixation test. A titer of more 
than i:2S is diagnostic. The vector is be- 
lieved to be Deimacenter andersoni which is 
commonly found on cattle but ticks were not 
encountered in the cases reported in this paper. 
Treatment of the illness is supportive and 
sjTnptomatic. — Q-fever {QueensJandfieber) in 
der Schtceiz, 0. GseU, Sclnceiz. «icd. Wchnschr., 
Jamianj 10, 194S, 78: 1. — (ilf. Marcus) 

Bronchial Adenoma. — Of 217 primarj’' bron- 
chial tumors proved liistologically at the Lahe}' 
Clinic since 1930, 15 (6.9 per cent) were ade- 
nomas. Tliey were located principally in the 
major bronclii. They were seen by the bron- 
choscopist in 12 of 14 cases examined. Grossly 
the tumor appears as a rounded, pink or 
reddish-pmq)le mass, usualh' attached by a 
broad base. It bleeds profuseh' with manip- 
ulation. There are 2 histological types, 
carcinoid and mixed (cylindroma); the latter 
is considered by some to have malignant po- 
tentialities. Cases of adenoma which under- 


went malignant degeneration with or without 
metastascs have been reported. Local in- 
filtrations are frequent. Sixty per cent of the 
cases were in patients less than 40 years of 
age. Eight were in females. The duration 
of respiratory simiptoms prior to diagnosis 
ranged from eight months to six years. Cough 
is the most frequent s3'mptom; it usually be- 
comes progressively worse and eventually is 
productive. Hemoptysis is an outstanding 
sj'mptom. A wheeze was found in 3 cases. 
Dj’spnea was present in 4 cases and was the 
result of atelectasis, obstructive emphj'sema 
or mediastinal shift. Varjdng degrees of 
chest discomfort were noted and pulmonary 
infections were frequent. Abnormal physical 
signs varied with the pulmonarj' changes. 
Tlie treatment is either local removal or pul- 
monarj’’ resection. Local removal is adequate 
promded that there is a pedicle and no extra- 
bronchial extension, irreversible pulmonary 
damage or involvement of the carina. — 
Bronchial adenoma, C. R, Sanders & J. IF. 
Kinaslcy, Jr., New England J. Med., Sep- 
tember S3, 194s, 239: 459. — (A. G. Cohen) 

Calcification in Twins. — Puhnonary calcifi- 
cation in ten-year-old twin sisters is reported. 
Their skin tests were negative wdth tuberculin 
and coccidioidin, but positive with histo- 
plasmin. They had lived in Nebraska, 
Colorado, Illinois, Kansas, California and 
Michigan, several of which are in the Alissis- 
sippi basin area where liistoplasmosis is be- 
lieved to be most prevalent. The cliild with 
the greater amount of calcification had pre- 
■\dously had asthma, had a low grade fever, 
but had no current lung symptoms. Studies 
of sputum and nodes produced no fungus. — 
Pulmonary calcification in twins, G. Houston 
& W. A. Steiger, J. Pediat., June, 1943, 32: 
706. — (IF. H. Oatway, Jr.) 

Streptomycin for Tuberculous Meningitis. — 
Tlie results of treatment of 72 cases of tuber- 
culous meningitis are recorded; 13 of these 
began as miliarj- tuberculosis. In 9 cases no 
streptomycin was given and death ensued. 
The drug was given in 63 cases, of whom 34 
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larjTigitis, one had endobronchial disease and 
the remaining tlnce were considered to have 
a conspicuous bronchial factor in their pul- 
monary disease although lesions were not 
obsen-ed in the main stem bronchi at broncho- 
scopic examination. Subtilin therapy in the 
latter was directed toward presumed endo- 
broncliial lesions in the smaller bronchi. The 
progress of the disease was followed during 
therapy by means of frequent phj'sical, 
fluoroscopic, and roentgenologic examinations. 
To determine the action and possible toxicity 
of subtilin, the following laboratory procedures 
were performed: determination of -vdtal capa- 
city, measurement of dailj' sputum output, 
urinalysis, complete blood cell count, sedimen- 
tation rate, nonprotein nitrogen and sugar in 
the blood, protein in the serum, albumin- 
globulin ratio, icterus index, cephalin floc- 
culation, bromsulfalein liver function test, 
and phenolsulfonphthalcin renal function 
test. The sensitmty of the tubercle bacilli 
to the antimicrobial action of subtilin was 
determined in 6 cases prior to treatment. Of 
the 4 patients with tuberculous larjmgitis, 
improvement was marked in one, slight in one 
and questionable in one. In the fourth the 
disease progressed and the patient died. In 
the one subject ndth endobronchial disease, 
which could be carefully evaluated because 
of extensive lesions visible at bronchoscopy, it 
appeared that subtilin favorably influenced 
the endobronchial disease. After eight and 
one-half months of therapy bronchoscopy 
revealed no occlusion or other evidence of endo- 
bronchial disease. After ten months of sub- 
tilin therapy another bronchoscopic e.\amina- 
tion revealed inflammation and granulations 
invohdng the pharynx, larynx, trachea and 
bronchi. Tubercle bacilli cultured from the 
sputum at this time were twice as resistant to 
subtilin as organisms recovered before treat- 
ment. Although the development of marked 
bacterial resistance was suspected, this was 
not proved by cultural studies, and the cause 
of the reactivation of the endobronchial dis- 
ease is unknown. The condition in the 3 pa- 
tients in whom endobronchial tuberculosis 
was presumed to be present in the small 


bronchi showed no significant change during 
therapy. Suggestive evidence of the develop- 
ment of bacterial resistance to subtilin in vivo 
was obtained in 3 cases. No evidence of 
toxicity in the kidneys, liver or bone marrow 
was encountered. The lack of serious toxicity 
encountered may be inherent in the mode of 
administration wiiich results in negligible 
sj'stemic absorption of subtilin. Administra- 
tion of subtilin bj' inhalation was associated 
with irritation of the respiratory tree in almost 
all patients during the first two or three weeks, 
after wliich the symptoms subsided or disap- 
peared. Asthma developed in one subject 
and the drug was discontinued. Further 
investigation of the therapeutic possibilities 
of subtilin must await basic research directed 
towards development of derivatives more 
soluble in phj’siological fluids. Subtilin in 
its present form has no place in the treatment 
of tuberculosis other than for purely investiga- 
tive purposes. — Topical application of sub- 
tilin to tuberculous lesions in man, S. M. Farber, 
H. R. Eagle, H. H. Anderson, & R. D. Gor- 
man, J. Lab. and Clin. Med., July, 1948, 33: 
799.— {F. G. Petrik) 

Prevention of Pulmonary Infection. — 
Chronic pyogenic bronchopulmonary disease 
results from primary acute infections of sev- 
eral tjTpes. It is essential that the acute con- 
ditions be treated vigorously until cured and 
also that chronic purulent bronclutis be con- 
trolled. A study of 50 infants and children 
who had been treated in the hospital with sul- 
fonamides and/or parenteral penicillin showed 
many to have had either ill health and pro- 
gressive pulmonary disease or good health and 
recurrent respiratory infections in the ensuing 
year. Pulmonary emphysema and fibrosis 
often accompanied the chronic lesions. Cliil- 
dren with acute or residual infections should 
be checked at intervals, as are those who have 
had tuberculosis or rheumatic fever. In those 
with acute, subacute, or chronic infections, 
penicillin aerosol therapy may be of value. It 
may require weeks or months of daily treat- 
ments to heal or stabilize the condition and 
recurrent treatment may be needed. A plastic 
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the bacteriostatic action of 13 of the 20 com- 
pounds but did not increase the degree of 
bacteriostasis of any. In the medium with 
Tween and albmnin, 5 compounds were more 
bacteriostatic than in the basal medium, 4 gave 
appro.ximately the same results in the two 
media, and the remaining 11 were less bacterio- 
static than in the basal medimn. Unpurified 
and purified Tween SO gave approximately the 
same results with 7 of 14 compounds and in 
the remaining 7 compounds purified Tv'een SO 
produced less inhibition of bacteriostasis than 
the unpurified detergent. Under the condi- 
tions of the experiments the free oleic acid 
that may be present in Tween SO was not re- 
sponsible for the effect of this compound on 
bacteriostatic activities. In the presence of 
albumin the bacteriostatic activity of 12 of the 
13 compounds was essentially the same with 
purified and unpurified Tween SO. The ex- 
planation for the divergent results obtained 
with Tween SO on the 20 compounds employed 
in this study as compared with the results of 
other investigators is not apparent. There 
appears to be no relationship between the ac- 
tion of Tween SO on these compounds and 
their chemical structures nor did a fourfold 
reduction in the concentration of Tween SO 
produce significant changes in the results mth 
5 compounds. The irregular results produced 
by the presence of Tween SO on the tubercu- 
lostatic activity of compounds indicate the 
desirability of employing as simple a syn- 
thetic medium as possible. Plasma, serum, or 
albumin can be added to the synthetic medium 
as a separate test to determine the inactivation 
of the compound by protein . — The effect of 
“Tween SO” in vitro on the bacteriostatic activity 
of twenty compounds for Mycobacterium tuber- 
culosis, A. S. Youmans & G. P. Youmans, 
J. BacL, August, 19 AS, S6: S45.—{F. G. 
Petrik) 

Resistance of Mycobacteria to Strepto- 
mycin.— This is a report of studies made of the 
orderly manner in which spontaneous variants 
occur in cultures of M. tubcrcidosis and M. 
ranac. The strains of tubercle bacilli used 
were H37Rv and 2 strains, WS and WR, iso- 


lated from the sputa of patients prior to the 
institution of treatment with streptomycin, 
one CWS) becoming resistant and the other 
(WR) remaining sensitive to streptomycin 
after treatment. Liquid and solid Tween- 
albumin media were employed. The results 
show that when large samples of bacteria were 
seeded on media containing streptomycin, re- 
sistant forms were isolated, the number being 
directly affected by the concentration of the 
drug in the media. A marked decrease in the 
number of colonies occurred when the drug 
concentrations were increased from 1 7 to 10 -y 
per ml. and then to 100 y per ml. When 
certain high concentrations of the drug were 
used, such as 100 and 1,000 y per ml., no sig- 
nificant difference in the number of colonies 
was observed. More resistant variants were 
found in the strain WS, wliich later developed 
resistance to streptomycin after tliirty days’ 
treatment, than in WR which remained sen- 
sitive to streptomycin. When the sample of 
bacteria used was sufBciently large and when 
the time allowed for growth was prolonged, 
the chances of finding resistant forms were 
increased. When only one sample is used, the 
conclusions drawn must be very limited, for 
great variations were noted among samples 
from the same parent population. "Vnien sen- 
sitivity studies are made in the usual manner, 
a time limit is used for allouing growth of re- 
sistant forms. When the time limit is e.x- 
tended, a few resistant forms may be allowed 
to multiply adequately and the results may be 
given a quite different interpretation. In ad- 
dition, the collection of sputum specimens from 
which the original stock cultures are grown 
must be considered inadequate in certain in- 
stances. All the varitions in resistance of the 
bacterial population in the diseased areas of the 
patient are probably never represented in any 
single or even in several sputum samples. It 
is conceivable that all the bacteria within a 
patient are not exposed to the same concentra- 
tion of streptomycin. Because of the low 
concentration of streptomycin in certain of the 
diseased areas, bacteria wliich may be readily^ 
susceptible to streptomycin are allowed to 
exist during the treatment period and it is con- 
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CHEMOTHERAPEUTIC MEASURES IN TUBERCULOSIS: GENERAL 
ASSESSMENT AND CURRENT PROBLEMS^ 

P. D’AECY HART2 
HISTORICAL BACKGROUND 

The ever widening field in which chemotherapy has achieved clinical success 
leaves the hitherto resistant infective diseases in increasing prominence. Among 
these, tuberculosis stands out as the main killing disease of bacterial nature 
affecting the productive groups of the population. The door to success at last 
seems to be opening, however, for in the past ten 5 ’-ears clinical evidence of the 
value of a few substances has appeared. A number of others show promise. Let 
us, by way of introduction, take a brief look at the lines along which some of the 
researches have been traveling. 

Present day developments with sjmthetic chemical agents date from the ob- 
servation in 1938 by Rich and Follis (1) in Baltimore, that experimental tuber- 
culosis in the guinea pig could be retarded by sulfanilamide. Trial of this 
sulfonamide in tuberculosis was a logical consequence of the historic discovery in 
Europe four years previously that the drug exerted an appreciable effect in acute 
bacterial infections. Workers at the Pasteur Institute in Paris (2, 3) soon 
demonstrated the more impressive anti-tuberculous activity of the related sulfone 
compounds, and this series has been developed and exploited in many countries 
since 1939. 

Effective study of therapy ndth antibiotic substances, i.e., with antimicrobial 
substances produced by species of living microorganisms, dates only from the 
introduction of penicillin as a chemotherapeutic agent in 1910. This great 
advance, by encouraging intensive studj’’ of other soil microorganisms, led 
Waksman and his colleagues (4) in New Jersey to the isolation of streptomycin 
in 1944. This drug has been given more experimental and clinical trial in 
tuberculosis than has any other product of microbial origin. A recent general 
bibliography of streptomycin (5) lists no less than 263 papers having a bearing on 
tuberculosis. 

The development of the use of calciferol (vitamin D 2 ) in massive doses in lupus 
vulgaris has historical links with the treatment with enormous doses of cod liver 
oil given a centurj*- ago for many kinds of tuberculosis and for lupus (6). More- 
over, the use of calciferol is linked also ndth heliotherapj’’ in lupus insofar as this 
stimulus marshals the body’s resources of Autamin D. Treatment irith calciferol 
was introduced independently, and perhaps empirically, during World War II 
bj-- Charpy (7) in France and bj' Dowling and Thomas (8) in England. Calciferol 
is not antibacterial in the sense of most chemotherapeutic agents but probably 
acts on the tissues of the host. 

• Presented before the Medical and Public Health Sections, as part of the symposium on 
Some Unmet Needs in Tnhcrculosis Control, at the 44tb annual meeting of the National 
Tuberculosis Association, New York, New York, June IS, 194S. 

’ Member of Scientific Staff, Medical Research Council, Great Britain. 
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TABLE 1 

Substances reported as antituberculous in vivo (1938 to 1948) 


EXPEMUESTAL AKIltALS 


(a) Sulfonamides and sulfone compounds 

Sulfanilamide (1, IS and see 19) 

Other sulfonamides (20) 

Promin (see 12, 19, 21) 

Diazone (see 12 and 21) 

Pronuzole (see 12 and 21) 

Sulfetrone (22) 

Other sulfoncs (23 to 25; and see 12) 

Promizole (26, 27; and see 12 
and 21) 

Sulfetrone (28 to 31) 

Other sulfones (32, 33) 

(b) Fatty acids and derivatives 

Ethyl palmitate and stearate (34) 

Certain chaulmoogra derivatives (35) 


(c) Aromatic compounds 

Certain naphthoquinone derivatives (36, 37) 

1- diethylamino 2-(2,4,6-triiodophenoxy)-ethane HCl (38) 
Para-aminosalicylic acid (39 to 43) 

Thymol (48, 49) 

l,l,l-trichloro-2,2-bis (P-aminophenyl)-ethane (50, 51) 

2- butoxy-6-aminobenzotliiazole HCl (52) 

Certain diaminomethylpyrimidines and related com- 
pounds (S3, 54) 

Pora-aminosalicylic acid (44 
to 47) 

(d) Miscellaneous organic compounds 

Nicotinamide (104, 105) 

Amido-compounds of a-furancarbonic acid (55) 
P-acetamidobenzaldehyde thiosemicarbazone (56) 

Ergosterol and related compounds (57, 58)* 

1 

P-acetamidobenzaldehyde thio- 
semicarbazone (106) 

1 Calciferol (7, 8, 59 to 63) 

(e) Antibiotics, etc. 

Streptomycin (see 17, 21, 64) ) 

Mannosidostreptomycin (65) 
Chloromycetin (102) j 

Actinomycetes 

Streptomycin (66 to 70, 100) 

Subtilin (71, but see 72 and 107) 
Licheniformin (73) ! 

Nisin (74) j 

1 Bacteria 


Cepheranthine (see 75)* 1 

Usnic acid (76) ■ 

^ Higher plants 

Cepheranthine (see 75) 


* W. H. Feldman and A. G. Karlson, in lonpublished studies, have failed to confirm the 
observations of others that either ergosterol (nonactivated) or cepheranthine is an anti- 
tuberculous agent in experimentally infected guinea pigs (Personal communication, W. H. 
Feldman) . 
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streptomycin simultaneously (26) and further trials of combined therapy are in 
progress in many countries. 

Clinical trials of para-mninosalicylic acid (PAS) have been in progress in 
Sweden for two years (44, 47) and have been recently started in England (45, 
46), in the United States and elsewhere. Yet, from reading the few papers so far 
published it is difficult to come to a firm conclusion on the efficacy of this drug in 
human pulmonary tuberculosis, or even in tuberculous empyema where ap- 
parently dramatic results may occur. Reports on the use of the drug in the 
treatment of meningitis are meagre. PAS is difficult and expensive to manu- 
facture, and the early preparations were less satisfactory and more toxic than 
some in use at present. With the increased availability of satisfactory prepara- 
tions of the drug, the wider trials now taking place should give an answer, 
provided they are properly designed. The administration of PAS, both alone 
and in combination with streptomycin, has been followed by significant changes 
in the course of experimental tuberculosis in the hands of some workers (23, 39, 
42, 43), though not of all (41). There is no doubt that this interesting sub- 
stance requires thorough examination in the field. 

The dramatic and consistent improvements taking place under calciferol 
therapy (62) leave no doubt as to its efficacy in lupus vulgaris and certain other 
forms of skin tuberculosis. In tuberculous adenitis and possibly other non- 
pulmonary tuberculous conditions, suggestive results have also been obtained 
though the benefit is not clearly proved. In pulmonary tuberculosis the 
evidence for the efficacy of calciferol is very doubtful. 

The Japanese (see 75) have claimed that the administration of minute doses of 
the alkaloid ccphcranlhine has resulted in improvement in many tjTpes of clinical 
tuberculosis. This drug is mentioned here only because the claims are so strong 
although well documented evidence is still awaited. 

The discovery of strcpiomycin was of historic importance, not onlj’- because it 
was tuberculostatic in the test-tube, for many other substances have this prop- 
erty though not often to the same degree, but because of its low toxicitj' which 
permitted its use in effective doses in animals and man. Tire successful results 
obsor\’ed vuth the streptomycin treatment of e.xperimental tuberculous infections 
in guinea pigs (79) heralded the first real advance in the long struggle against 
this disease. Moreover, these results revealed the error of the ideas previously 
held bj' many that, in order for the chemotherapy of tuberculosis to be suc- 
cessful, it would be neccssarj' to overcome the obstacle of the supposed fatty coat 
of the tubercle bacillus (streptomycin is water-soluble yet apparently passes 
re.adily into the cell). 

Tlie present status of streptomycin therapy in human tuberculosis has been 
succinctly described in various American reports, including that of the American 
Trudeau Society (6G to G9, SO). It is sufficient to state here that British Medical 
Research Council trials confirm the immediate life saving power of this .anti- 
biotic in a proportion of cases of tuberculous meningitis (70, SI) and acute 
milian.* tuberculosis. Like the .Vmerican workers, we have also found that 
.streptomycin retards further progression and causes rather swift regression of 
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that element of pulmonarj’’ tuberculosis that is variouslj’’ called infiltrative, 
exudative or bronchopneumonic. The striking improvements in some cases of 
ulcerative tuberculous larjmgitis and tracheobronchitis following streptomycin 
therapy are sufficiently well known to require no further comment.^ 

SOME DEFECTS OF PRESENT ANTITUBERCULOUS AGENTS 

Consideration will now be given to certain failures to meet the requirements for 
a satisfactorj’^ chemotherapeutic agent revealed by clinical trial of the various 
antituberculous substances. 

A most important defect is toxicity. While the toxicity of streptomycin is 
remarkably low when considered in relation to effective dose, it nevertheless 
constitutes a problem. The permanent damage to the vestibular apparatus, 
even though it may be compensated for to some extent, provides a sound reason 
for the view tliat streptomycin is at present usually contraindicated in minimal 
pulmonary tuberculosis and in those other forms of the disease which may be 
satisfactorily treated by other measures. PAS can be given b}' mouth and seems 
to have little toxicitj’' in man in the dosage used at present, but its efficac}’’ is still 
subjudice. The sulfone drugs produce toxic blood changes to a varj'^ing degree, 
tliough these are comparatively slight with some of the newer products, particu- 
larly when administered by the parenteral route. The goitrogenic activity of 
the compounds, though again slight in some, is a distinct disadvantage. Mas- 
sive doses of calciferol hot uncommonly produce toxic effects, but these are 
seldom of sufficient severity to contraindicate the use of the drug. 

Another and notorious bugbear of certain antituberculous agents, particularly 
streptomycin, is the phenomenon of the appearance of drug-resistant strains of 
bacilli. In the case of streptomycin, drug-resistant strains are frequently 
demonstrable after a month or more of treatment. It is of interest that this 
phenomenon seems to occur much less frequently in the course of meningitis 
than in pulmonary tuberculosis. If the great majority of the infecting bacilli 
cease to be susceptible to the drug, the curve of the patient’s progress may 
flatten out after an initial improvement. Lilcewise, a patient may do well at 
first under streptomycin therapy but, if the disease flares up, say a year or more 
later, it may then be insusceptible to the drug. Consequently another reason 
against indiscriminate use of streptomj'cin in minimal disease amenable to 
ordinarj’- treatment is the fear of spoiling the patient’s chances for successful 
chemotherapj’^ in the event of- a subsequent relapse. From the community 
standpoint there is also a danger that new cases of tuberculosis will arise from 
contact vdth persons previously treated with streptomycin and who are dis- 
charging drug-resistant bacilli. The bacilli in such secondary cases might be 

^ A further group of compounds should be included under the heading or recent chemo- 
therapeutic successes claimed in man. With the sulfonamides as starting point, Domagk 
and his collaborators in Germany have branched off on a new line, resulting in active thio- 
semicarbazones (56). Two of these, p-acetamidobenzaldehyde thiosemicarbazone and 
anisaldehyde thiosemicarbazone, have been given clinical trial, benefit in lupus vulgaris 
being claimed (106) . 
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streptomycin-resistant from the vei^^ beginning of the infection and hence the 
disease would not be affected bj' streptomj’-cin therap 3 \ 

The toxicity problem is being attacked in a number of waj’S. The most 
ob^^ous approach is to synthesize new substances and to continue the search for 
fresh antibiotics. Attempts are being made to alter the chemical constitution of 
certain of the antituberculous antibiotics, including those that have not 
progressed beyond animal experimentation, in the hope of reducing toxicity more 
than antimicrobial acti\nty .■* It is possible that the same end ma}*^ eventuall}’’ be 
achieved by the sjmthesis of analogues of the simpler of the antibiotics. Re- 
duction of the toxic effects of streptomycin is being attempted in the field by 
various modifications of the dosage schedule, as in current trials sponsored by 
the National Institute of Health and b 3 ' the use of streptomj'cin in conjunction 
with other drugs, e.g., the sulfones or PAS, in order to reduce the required dosage 
of the antibiotic. The results of animal e.xperimentation (23, 43, 82, S3 and see 
73 and 84) suggest that both of these lines of investigation have promise. 

Various approaches are also being e.xplored towards prevention of the baffling 
phenomenon of the emergence of drug-resistant strains of bacteria under strepto- 
mycin treatment. The attempts include variations in the schedules of ad- 
ministration to see if the emergence to predominance of drug-resistant bacilli 
can be delaj'ed or prevented. The administration of streptomj'cin in conjunc- 
tion with other chemotherapeutic agents may influence the phenomenon of 
drug-resistance, although a few results of simultaneous clinical use of sulfctroue 
and streptomj'cin (31) have not been encouraging. It would indeed be useful 
to have another drug to bring into action after the emergence of bacilli resistant 
to streptomj'cin. On the other hand, the fact that, in our experience, some 
cases of pulmonarj' tuberculosis continue to improve, even when resistance to 
streptomj’cin has apparently developed, ma>' indicate that an important propor- 
tion of the bacilli are still sensitive (85). It is cquallj’’ possible, however, that 
such improvement represents an effect of the patient's owm resistance after the 
action of the streptomj'cin has ceased (SO). 

Defects other than those just mentioned are associated with one or more of 
the antituberculous agents under investigation at present. Caseous tissue 
seems to resist penetration bj’ strcptomj'cin, and pus is an unfavourable medium 
for its action, possiblj’ on account of the depressive effect of an acid pH on an 
antibacterial drug of basic nature (87). This phenomenon maj* explain why the 
effects of streptomycin tend to be limited to the “c.xudativc”, bronchopncumonic 
elements of tuberculosis rather than the more chronic caseous elements, and why 
the dnig is notablj' ineffective in tuberculous cmpj’ema. There is the po.^sibilitj' 
that PAS an acidic dnig, does not possess these disadvantages. 

In .cummarj-, it must be admitted that no single agent, not even streptomycin, 
has j'ct satisfiwl all the requirements for full chemotherapeutic success. The 
most important of these requirements are (SS): (I) absence of scriou-s or ir- 
reversible phj'siological derangements; (2) reversal of cst.ablislicd progressive 
disease to nonprogression, resolution, fibrosis or calcification; (3) results to be 

‘ Tiii» appears to h.ave t>ccn achieved in the recent development of <iiliydro.«tri'pto:ayc!n. 
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aclncvoil in n ron^onablc period and to he lasting; (4) repeated use of the drug 
to he possible; and finally (o), a more questionable requirement, complete eradi- 
cation of vindent infection. It would bo foolish to assume that even combin- 
ations of current agc'nts will entirely satisfy the.^o criteria. Consequently, every 
new dnig which appears to ho .cuit.able and safe for clinical application in tuber- 
culosis must be submitted to tiie most grueling clinical-statistical assessment 
before it can be accejtleii or discarded. Otlicrwise, racdic.al manpower and 
money may bo culpably wasted to little, purpo.^c. 

This })rob]crn of the assessment of cfTicacy of possible antituberculous agents is 
.CO pressing and so timely that most of the rcm:iindcr of this lecture will be 
devoted to its discussion. 

Tr.a!NiQur.s roti thk .\sst;ss.\tn.NT or .\ntiti;hi:rculou.s agents 

Distinct advances in the labonitor\* methods for the tc.sting of new antituber- 
culosis remedies have been made over the methods of ten years ago. For in 
vilro assay.s we have improved media such as those of Younian.s (25, S9, 00) 
and of Dubos and Davis (01), though it should he noted that the constituents of 
the latter medium may mo<iify the chemotherapeutic action of some agents 
(02 to 04). For animal work we h.ave the classical procedures of Feldman and 
Iliirshaw (SS) in guinea pigs and the introduction of mice for intravenous, in- 
trapcritoncJil and inhalation infection (42, 73, 95 to 07). 

In our techniques for assessing the value of new remedies in man, however, we 
are just emerging from the jungle of empiricism. Only a few months of enter- 
prise .sufficed to introduce tuberculin and gold into the treatment of tuberculosis 
on a world scale, despite inadequate c.arh' clinical trials. Nevertheless it took 
many years of scientific persistence to discredit these forms of therapy (12). 
It should be mentioned that untreated controls were rarely used for comparison 
in the carh' days of gold thcrap.v and when they were used (particularly in one 
outstanding jVmcrican trial (OS)), the results were discouraging. 

In spite of these and similar experiences, it is doubtful whether we have yet 
fully learned the lesson of how easy it is to ascribe to a new drug tlie improvement 
noted in a liotchpotch of tuberculous infections, wthout due regard to the 
possibility of remission from other causes. Even now, in the recent and current 
trials of the sulfones, streptomycin, PAS and other agents, can it be claimed that 
the selection of material, uniformity of treatment, and the basis of comparison 
for assessment of results, have always reached scientifically desirable levels? 
Moreover, now that experience with streptomj'^cin has proved that drugs can 
influence human tuberculosis, there is a danger that the dearlj" won and healthj’- 
attitude of caution ma}’ be discarded and over-optimism and a too eas}^ ac- 
ceptance of newer measures take its place. 

These considerations bring us to a kej’’ question in clinical trials, nameljq 
under what circumstances is it necessarj' that a chance-selected, adequately 
matched group of untreated cases be studied concurrently with the cases receiving 
the particular treatment under investigation? If a drug prolongs life and 
produces apparent cure in a proportion of tuberculous infections of a t 3 q)e usually 
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cooperative studies of the U. S. Veterans Administration, the Armj’^, and the 
Na^T (GG) lias been organized on such a basis. Controls have also been used to 
some extent in a test of streptomycin in pulmonary tuberculosis at Maybury 
Sanatorium, Jslichigan (99), and arc a feature of the large scale cooperative trials 
of this drug in pulmonarj’^ tuberculosis rcccntlj' started under the auspices of the 
Tuberculosis Study Section of the National Institute of Health. In controlled 
trials of this nature one can include heterogeneous types of the disease under 
stud}-^, provided that the total number of cases is sufficiently large to even out 
differences between treated and control groups. If this is not possible, the 
cases must bo paired, which is a troublesome procedure. An alternative ap- 
proach is to restrict the studjf to a homogeneous type of disease. Under such 
circumstances the numbers need not be so large for a comparability to be achieved 
between the treated and untreated groups, although the results vnll be more 
limited. Other conventional treatment can be added to both groups, or with- 
held from both. The second alternative is preferable scientifically but difficult 
to achieve in practice. 

In Great Britain, extreme scarcity of supplies of streptomycin has up to the 
present prevented general distribution of the drug.® Although this scarcity has 
caused grave disquiet, it has had the advantage of providing time for the design 
and execution of certain controlled trials of the efficacy of the drug. In 1946, 
the British Medical Eesearch Council was entrusted by the Ministry of Health 
with all the streptomycin that was available. In January, 1947, a number of 
trials in tuberculosis were started under the direction of the Council’s Strepto- 
mycin in Tuberculosis Trials Committee, using 50 kg. of material imported from 
America. Two of the first studies vnll now be briefly discussed solely from the 
standpoint of technique of assessment. 

One of the investigations was concerned with pulmonary tuberculosis. It was 
decided to choose a narrow and fairly homogeneous category, viz., bilateral, 
acute progressive tuberculosis of recent development in young adults, with 
expected bad prognosis and lesions which were unsuitable for collapse therapy. 
A number of specialist units were formed to cooperate vith the Medical Re- 
search Council’s central scientific staff who were to coordinate the work. The 
task of maintaining uniformity of the type of case under study was assigned to a 
central selection panel. The most important decision was that one-half of the 
cases selected were to be given streptomjmin and one-half were to be studied in 
parallel as non-streptomycin-treated controls (though not in the same wards). 
Once a case had been selected for trial, the decision as to whether it was to be 
streptomycin-treated or to be a control was predetermined from a list of case 
numbers prepared by a statistician. A sealed envelope carrying the case number 
outside contained the decision, w'hich was not Icnown in advance even by the 
central staff. There was a common record sheet for the trial and a high degree 
of uniformity of procedures was obtained. The latter was helped by meetings 
of the clinicians and pathologists and by periodic visits of the central staff to 

‘ A limited allocation of streptomycin for routine use has been made by the Ministry of 
Health to the Regional Hospital Boards since this talk was given. 
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was failing). The results of this inquiry answered the question decisively: 
combined therapy is essential and intramuscular administration alone is in- 
adequate. Such an unequivocal answer could not have been achieved unless 
two series of cases had been studied in parallel under fairly uniform conditions. 
E^'aluation of an accumulation of individual clinical experiences with a variety 
of tiTies of tuberculous meningitis would have taken far longer and the con- 
clusions would have been less definite. Moreover, although the present drastic 
procedure involved the loss of several lives, it will have saved many more if it 
serves to prevent future uncontrolled experimentation on these lines. The 
technique of assessment here again has been of prime importance. 

Summarizing the position so far reached on techniques of evaluation, it may 
be stated tliat careful objective clinical assessment, based on previous experience 
Math similar tj'pes of cases as a standard, should, with rigid safeguards, be 
adequate to demonstrate whether a new drug gives either benefit or no benefit, 
provided its action is more than slight. On the other hand, the inclusion of a 
matched control series, studied concurrently in order to permit comparisons 
having statistical validitj*, would seem imperative for a precise evaluation of a 
new drug’s possibilities, limitations, and the degree of permanence of its benefit. 
Likeudse, such control cases are necessarj’- in studies of the part played b}’- the 
patient’s own resistance to the infection when under the drug treatment or after 
its discontinuation and to ascertain the best combinations of chemotherapy with 
the usual methods of local surgerj’’, such as pneumothorax and thoracoplasty. 
It is hardly necessary to add that only for certain purposes need the control 
series in such investigations be untreated by the drug, as was the case in the 
British pulmonary trials described, in many instances, as with the meningitis 
series, the “controls” wall receive the treatment but in a contrasting manner. 
It should be noted that some investigators might prefer to use another word for 
this application of the concept of a controlled study. Examples may be men- 
tioned of specific problems which are capable of solution by parallel comparisons 
more rapidly than would otherodse be the case. One of these is the question 
of the optimum regimen of administration of streptomycin in meningitis. For 
instance, were the results in a recent series described by Dubois of Brussels (101) 
better than the results obtained in the British trials because of the long periods 
of rest from streptomycin treatment of any kind? Another question is how far 
prophylactic intrathecal treatment may prevent the complication of meningitis 
in cases of acute miliarj’- tuberculosis. 

A further point not yet generally appreciated is that the problem of the 
techniques for assessing new drugs in tuberculosis is in some ways more difficult 
now that we have in streptomycin an agent that is loiouTi to be decisive in certain 
conditions. For example, assuming an adequate supply of streptomycin, it is 
questionable whether it is ethically justifiable to udtlihold this drug and to sub- 
stitute an unproved one in the treatment of tuberculous meningitis. It is more 
justifiable to give streptomycin alone in one such series and streptomycin plus 
the new drug in anotlter, although assessment may well be confused under such 
circumstances. On the other hand, in certain tj^jes of pulmonary tuberculosis. 
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OPEUATIVE TICCHMQU): 

It iiinke? little liilTercnco whotlicr there are one. two, or more trocar holes through the 
chest wall. The size of the trocar hole is nuiniportant, jrarticnlarly when comj)arerl with 
an open incision into the ])lcun)l cavity. At the beginning of the operation the use of 
two cannulas permits the insiroction of the jrleural cavity fiom two different points of view. 
The adhesions may apj>ear sim])le or impossible of release, dcirending u])on the angle from 
which they are viewed. The two piece instrument eliminates the fixed position of the 
cutting instrument in the field of vision. Thus, a close-up view of the actual cutting can 
be obtained or in a moment the whole field of opemtion can be cxfimincd without inter- 
rupting the operation. After using both instiiimcnts, the two jiiccc type is now employed 
exclusively. 

Galvanocautcrj*, or the elect rosurgic.al cutting current, can be used as the cutting 
method with cither the one or two iiiccc pneumonolysis instrument. It is usually claimed 
that tissue destruction is greater with ga!vauoc;uitery and that the sciJaiation of are.as of 
necrosis may lead to sccondarj' licmorrhage or spontaneous j)ncumothorax. Actuallj’, 
the area of tissue destruction with either galvanocautery or clcctrosurgery dejiends upon 
the intensity of the heat in the former and the strength of the current in the latter. The 
extent of tissue destruction, therefore, depends more upon the individual operator than 
it does upon the method employed. Heat and smoke produced by galvanocautery 
projrerly employed arc insignificant. The time consumed in completing an operation 
by cither method depends upon the patient and the operator. Should brisk hemorrhage 
occur from a blood vessel that is less than one of the great vessels, it can be controlled 
more easily with the clcctro.surgic.'d method. If hemorrhage can be controlled with elec- 
trosurgerj’, however, it also can be controlled with galvanocautery. In tlio event a great 
vessel is opened, neither method will control the hemorrliagc. Tliere is no electrical shock 
or muscle spasm from galvanocautcrj*, and undoubtcdlj* there will be none with electro- 
surgerj’ if the apparatus is handled correctly. Since the g;dvanocauteiy is the simpler 
apparatus, mech.anical failure jjrobablj* will occur less frequently than with tlie electio- 
surgical unit. (After using both types of cutting instruments the galvanocauteiy is 
now used cxclusivelj*.) 'When operating with the galvanocautcrj* equipment, an electro- 
surgical electrode could be made available for use in case of bleeding. It seems quite 
likelj' that an electrosurgical electrode would alw.aj's be on hand if bleeding actuallj* were 
troublesome when using galvanocautery. 

The heat of the cauterj* or the strength of the electrosurgical cutting current must be 
regulated according to many factors since in using either method the tissues maj* be cut 
so quicklj* that bleeding occurs or so slowlj* that excessive charring results. In general, 
fibrous tissue, fatty tissue, and edematous tissue require a hotter cautery or a stronger 
cutting current. Tinien holding the cutting instrument constantly in contact with the 
tissue or wlien attempting to keep a greater area of cutting surface against the tissue to 
be cut, a hotter cauteiy or a stronger cutting current is required. Should bleeding occur, 
it can be controlled easilj* by the electrosurgical method; if cauteiy is being used, however, 
it is often controlled most readily by reducing the heat below that used in operating. The 
cold electrode is placed firmly against the bleeding point and then the cui'rent is turned on. 
The cauterj’ point is held in place until the tissue is charred. As the heat is reduced, 
it will not cut deeper into the tissue. If it cut deeper into the tissue, it might cause addi- 
tional bleeding. The charred tissue will adhere to the cauterj* point. Therefore, when 
the point is to be removed, it must be done gentlj* and w*ith the heat of the cauterj* point 
increased. Bleeding often can be controlled adequately by the injection of a generous 
amount of procaine with epinephrine solution at the site of bleeding. The author has 
never obseiwed bleeding from the lung side of a released adhesion. 
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preventing aileqvialc collapse of the Inng. It is not within the scope of this 
paper to discuss the indications for artificial pneumothorax. It is important, 
however, for the surgeon who performs pneumonolyses to recognize certain con- 
traindications for artificial pneumothorax, which is another way of stating the 
contraindications for pneumonolysis. It is becoming generally realized that 
artificial pneumothorax should not be continued if after its initiation one of the 
following develops: large tension cavity (figure S a); an opaque lung (figure S b); 



Fig. S. Two entirely different tyiies of pulmonary tuberculosis are illustrated. In both 
types of the disease closed intrapleural pneumonolysis as well as pneumothorax are contra- 
indicated. 

a. (Left) The roentgenogram reveals a large tension cavity. Under protest of the 
surgeon the patient was subjected to closed intrapleural pneumonol3^sis. The lung was 
freed completeh-. After bronchoscopic aspiration the c.avity appeared to close. The lung 
became atelectatic, intrapleural fluid developed, which was followed by empj’ema, a bron- 
chopleur.al fistula and death. This sequence of events c.an be expected in patients with 
disease of this type. 

b. (Right) The atelectatic or solid lung, especially with the open cavity, can be expected 
to follow the clinical course outlined in a . Pncumonolj'sis was refused this patient. Pneu- 
monectomj’ was accomplished with a successful outcome. 

empyema; or the rapid formation of a pleural effusion with or without fever. If 
the patient is a candidate for artificial pneumothorax and adhesions are found 
between the lung and the parietal pleura, he should be offered the advantage of 
closed pneumonolysis. There are no innocent adhesions. A pneumothorax 
should not be abandoned because of adhesions until a thoracoscopy has been 
made to determine whether or not the adhesions can be released. ^Adiether ad- 
hesions can be released or not cannot be determined bj’^ roentgenograms or 
fluoroscopy (figure 9). 

Progress has been slow iir developing the routine of earty thoracoscopy or 
pneumonolj'sis after the initiation of pneumothora.x. In 1939 the usual time 
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inten^al from the introduction of pneumothorax to closed pneumonolysis was 
three to six months (1, 19). In patients who have an ineffective collapse of the 
diseased lung, it seems unwise to permit such a long delay in bringing the disease 
under control. The time interval has gradually been made shorter. The only 
requirement at present is that there be enough pneumothorax space in which to 
manipulate the instruments. Patients have been accepted for pneumonolysis 
within three days of the initiation of the pneumothorax. It was feared in the 
beginning that re-expansion or the loss of pneumothorax space would occur 
more frequently, but it does not. It is evident that more patients can have their 
lung freed completely from the parietal and mediastinal pleura if the pneumono- 
tysis is done within two weeks of the initiation of pneumothorax. In that period, 
adhesions and endothoracic fascia do not have a chance to thicken or undergo 
fibrosis. lINTien early pneumonolysis is accepted and practiced, a patient can 
have a pneumothorax induced, a closed or open type of pneumonolysis, and the 
diseased lung under control in two to three weeks. In addition to the great 
advantage to the operator, the time saved the patient would justify the adoption 
of earl}' pneumonol 3 ’'sis. 


RESULTS 

The present series concerns 608 patients operated upon between October, 1938 
and December, 1946, or an eight 3 ’^ear period. The follow-up period on these 
patients extends to December, 1947. The patients have been obtained from 
all the sanatoriums in Maryland, both privately owned and state and city con- 
trolled, as well as from doctors in the private practice of medicine in Maryland. 

The report is marred by the inability to make the study complete. It has 
been impossible to find the charts of 97 patients. Unfortunately, many of the 
lost charts overlap the 109 patients reported in 1941 (20). The charts are miss- 
ing for a few patients operated upon in 1938. The source of the patients and the 
place of operation have been highly diversified. The method of record keeping 
and changes in systems of filing have accounted for the high percentage of miss- 
ing charts. The analysis of operative data thus concerns 511 patients. Cer- 
tain facts now desired were not recorded in the notes of operation during the 
early years. Therefore, in 45 cases it is unknown whether the operation was 
thoracoscopy only or pneumonolysis, complete or incomplete. For the same 
reason the condition of the pleura at the time of operation is not known in all 
patients. 

It seems logical that the patients be divided into Negroes and whites and that 
the patients from sanatoriums privately owned and from doctors in private 
practice be separated from those patients from sanatoriums under state or city 
control. All the patients have been operated upon by the writer. All but 3 
were operated upon under local anesthesia. In tables 1, 2 and 3 the results are 
given as briefly as possible. In table 1 the years of follow-up are indicated since 
they extend to December, 1947. There w^ere 301 females and 210 males. The 
youngest patient was five years of age and there were 137 patients twenty years 
of age or younger. The oldest patient was fifty-eight years of age and only 9 
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■were fifty years old or older. The present status of 104 patients is unknown. 
One hundred thirtj'-six of the patients are dead (table 2). Of this group 131 
died of tuberculosis in some form and 5 died of causes not related to tuberculosis. 
There arc living and sick 45 patients and 29 of these are ill because of disease in 
the contralateral lung. One hundred ninety-eight patients are living and well. 
In the living and well group 84 patients still have a pneumothorax and 114 do not 
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TABLE 3 


Time from iniliation of pneumolhorax to closed pneumonolysis 
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have a pneumothorax. Of the 1 14 all have had their disease arrested by pneumo- 
thorax, except 6 patients who underwent major surgery in order to arrest their 
disease. In this group the supplemental phrenic operations have not been 
tabulated. Approximately two-thirds of the pneiunothoraces in the entire 
group, including those now well and sick were abandoned as an elective procedure. 
Two pneumonolyses were done on 61 patients and the second operation resulted 
in complete pneumonolysis in 21 of the patients. Three pneumonolyses were 
done on 8 patients and. complete pneumonolyses were accomplished at the third 
operation on 3 of the patients. The early complications were rather few. Hem- 
orrhage of mild degree occurred in 28 patients. It is estimated that in the most 
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Negro group of patients show an overall death rate of G/.5 per cent as compared 
to the 15.1 per cent (table 1) for white patients. However, the group of white 
patients under the care of private doctors and private sanatoriums had an overall 
death rate of 10.5 per cent compared to 22.2 per cent (table 1) for the state and 
city sanatoriums group. It is perhaps impossible to correlate these series- 
mortality figures with the observations of other investigators. It may be 
desirable, however, to present the mortality rate for pulmonary tuberculosis in 
the state of Maryland. The fate of all patients discharged from the state sana- 
toriums was followed for five years beginning in 1934 (21). After five i'ears the 
mortality rate in the white patients was as follows: far advanced disease, 62 per 
cent; moderately advanced disease, 25 per cent; and minimal disease, 6 per cent. 
In the Negro group the mortalit}" rate after five years was as follows: far advanced 
disease, 78 per cent; moderately advanced disease, 40 per cent; and minimal 
disease, 19 per cent. 

In the present series the recovery rate for the Negro is 24 per cent as compared 
to 69 per cent (table 1) for the white patient. When the two white patient 
groups are compared there is found recovery in 72.7 per cent of the private 
patients as compared to 63.6 per cent for the state and city patients. As would 
be expected, the follmv-up on the private patient group is better than in the 
other group of white patients, that is, 84.2 per cent as compared to 60.8 per cent. 
The follow-up is exceptionally good on the Negro patients, 82 per cent (table 1). 
Many of the Negro patients are still ill or are dead and the number of fatalities 
can be ascertained through the Bureau of Vital Statistics. 

The question arises as to whether the difference between the death rate in white 
and Negro patients is attributable to the difference in the economic status of the 
tw'o groups. When the twm groups of white patients are compared, it can be seen 
that the economic factor is important for here there is no important racial dif- 
ference to be considered. 

In the early years of the study the indications for pneumothorax were not under- 
stood as well as at present. Undoubtedly, many patients were subjected to the 
closed type of pneumonolysis when they were not satisfactory candidates for the 
procedure. Thus, late complications were probably higher and the death rate 
from tuberculosis greater than would be the case under present standards and 
indications. Several of the patients developed bronchopleural fistulas because 
of large tension cavities and opaque lungs. At present pneumothorax would not 
be continued in such patients and they would probably be subjected to pul- 
monary resection rather than be accepted for the closed form of pneumonolysis. 

If pneumonolysis is considered a procedure to be judged by early complications 
and whether or not the operation is successfully accomplished, the record would 
indicate that it is a safe operation. The series-mortality rate is 2 patients of the 
608 who were subjected to 685 operations. The lung w^as completely freed of 
adhesions in 49.5 per cent of the patients and w^as incompletely freed in 32.1 per 
cent of the patients. Thoracoscopy followed by inspection only was performed 
in 18.2 per cent of the patients. The pneumothorax space was lost in 4 of the 
patients. A record of such low mortality and morbidity would indicate that 
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ment. It should be poiutetl out thnt tlic force used to strcteh an adhesion is 
made possible by the pneumothorax. However, the intrapleural pressure used 
is only a small factor in the st retchiuK of most adhesions. The weight of the lung 
f.nlling by gnavity exerted upon the adhe.sion is the most important factor in the 
stretching of the adhe.sion. If the position of the adhesions were known, the 
patient undoubtedly could he urged to assume the position that will allow the 
weight of the lung to fall upon the adhesion. This maneuver has been used in 
the patients who have had incomplete pneumonolyses and occasionally it has 
proved svicccssful as the lung could be freed completely at .subsequent operations. 
It would appc.ar that this factor could ho used in patients who have not 3 'ct been 
Eubjecteri to operation. The posteriorly placed adhesions arc the ones which 
most frequentlj’ defy release by operation. It is true that most tuberculous dis- 
ease is posterior in the lung but it is likewise true (hat most patients, whether 
thoj* have pneumothorax or not assume the supine position more often than any 
other position and particularly more frequenth- than the prone position. 

Hemorrhage of varying degrees occurs in everj’ patient subjected to the closed 
type of pneuraonolysis. Some blood must escape from the trocar site into the 
pleural cavitj’. Whenever it was necessarj' to cauterize a blood vessel to stop 
oozing or brisk bleeding, the case was tabulated under hemorrhage and 28 cases 
occurred in the series. In no instance did a hemorrhage of more than an es- 
timated 100 cc. occur, nor was a transfusion of blood or plasma ever necessar}'. 

Obliterative pleuritis is thought to develop frequently after free blood has 
been found in the pleural cavitj' (23). In the series of 28 patients tabulated as 
haAdng had hemorrhage at the time of operation, not one developed obliterative 
pleuritis. In the entire series, obliterative pleuritis occurred in only 3 patients 
and all the patients operated upon had some blood escape into the pleural cavity. 

SUMSIAKY 

1. The open type of pneumonolj'^sis may be indicated when the closed method 
fails to accomplish a satisfactorj* collapse of the lung. The open form is a good 
method of treatment in selected patients. 

2. The individual operator is more important than the choice of a one or two 
piece pneumonolj'sis instrument or the selection of galvanocautery or electro- 
surgeiy as the cutting method. 

3. When possible, adhesions should be released and not divided. 

4. The indication for closed pneumonolj'sis is the presence of intrapleural 
adhesions in a patient who is a candidate for artificial pneumonothorax. 

5. Closed pneumonolj'sis usually is accomplished advantageouslj’’ in a few 
days after initiation of the artificial pneumothorax. 

6. The closed t 3 q)e of intrapleural pneumonol 3 ''sis is a safe operation, but its 
value should not be dissociated from the end results of pneumothorax treatment. 

REFERENCES 

(1) Alexander, J. : TheCollapseTherapy of Pulmonary Tuberculosis, Charles C Thomas, 
Springfield, Rl., 1937. 



258 


O. C. BRANTIGAN 


(2) Friedrich, P. L.: The operative treatment of unilateral lung tuberculosis b\’ total 

mobilization of the chest wall by means of thoracoplastic pleuro-pncumonolysis, 
Surg., Gynec. & Obst., 190S, 7, 632. 

(3) JacobaeijS, H. C., axd Beiter, Z.; Endopleurale Operationer untcr Lietung des 

Thorakosps, Klin. d. Tuberk, 1915, S5, 1. 

(4) Matson, R. C.: Intrapleural pneumonolj’sis. Am. Rev. Tuberc., 1929, 19, 233. 

(5) Anderson, R. S., and Alex.vndeh, J.: Closed and open intrapleural pneumonolysis: 

Results in 111 and 29 cases respectively, J. Thoracic Surg., 1936-1937, 6, 502. 

(6) Dohnanti, L.: On the question of open pneumonolj’sis, Bratislav. lekar. listj*, 1934, 

14, 492. 

(7) Hoppe, V.: Open and closed pneumonolj’sis in pulmonarj’ tuberculosis, Bratislav. 

lekar listy, 1937, 17, 591. 

(8) Brantigan, 0. C.; Open pneuraonolysis, J. Thoracic Surg., 1946, 16, 341. 

(9) Moore, J. A.: Intrapleural pneumonolysis, J. Thoracic Surg., 1934, S, 276. 

(10) Goorwitch, j,: Closed intrapleural pneumonolysis, J. Thoracic Surg., 1944, IS, 223. 

(11) Batliss, C. G.: Closed intrapleural pneumonolysis, M. J. Australia, 1944, 3, 129. 

(12) B.ayliss, C. G.: Closed intrapleural pncumonolj’sis, Dis. of Chest, 1947, IS, 479. 

(13) Ktjnsteer, W. E.: Thoracoscopj- and pneumonolj’sis in pulmonarj’ tuberculosis, J. 

Thoracic Surg., 1947, 16, 353. 

(14) Carter, B. N.: Intrapleural pneumonolysis. Am. Rev. Tuberc., 1931, 34, 199. 

(15) CoNANT, J. S.: A pneumonolj’sis sponge carrier and dissector, J. Thoracic Surg., 

1944, 73,267. 

(16) CoNANT, J. S.: Closed extrapleural pneumonolj’sis, J. Thoracic Surg., 1945, 14, 369. 

(17) Brantigan, O. C., Hoff.van, R., and Proctor, D. F.: Endobronchial tuberculosis. 

Am. Rev. Tuberc., 1942, 4S, 477. 

(IS) Brantigan, 0. C., and Hoff.man, R.: Bronchiolar spasm .as a c.ause of re-e.xpansion 
of a lung following intrapleural pneumonolj’sis. Am. Rev. Tuberc., 1946, 6S, 52. 

(19) CuTEER, W.’. Principles of pneumonolj’sis, Surg., Gj’dcc. & Obst., 1937, 64, S20. 

(20) Hoff.m.an, R., and Brantigan, 0. C.: Closed intr.apleur.al pnoumonolj’sis, Dis. of 

Chest, 1941, 7, 1. 

(21) Gould, R. L., Hallidat, C. H., Cullen, C. F., and Fales, W. T.: A five j’O.ar follow- 

up of discharges from Marj-land Tuberculosis Sanatoria, Am. J. Pub. Ilc.altb, 
1941, SI, 5GS. 

(22) Eglee, E. P., and Wylie, R. H.: Empyema and une.tpandcd lung following artificial 

pneumothorax for tuberculosis, J. Thoracic Surg., 1941, 10, 603. 

(23) Miller, A. K., and Rinkel, L. R. J.: Intrapleural hemorrhage following artificial 

pneumothorax refills. Lancet, 1947, 34, 906. 



THE DIAGNOSTIC PROBLEM OF PRIMARY PLEURAL EFFUSIONS* 

JOSEPH R. KRAFT 


INTRODUCTION 

The accepted practice at present is to consider all primary pleural effusions as 
tuberculous or “probably tuberculous” until proved otherwise. It is well recog- 
nized that substantial differences in regard to prognosis and treatment exist be- 
tween tuberculous pleural effusions and the benign effusions of other etiology. 
Unfortunately, there are available no generally applicable diagnostic methods for 
the ready identification of the various forms of primary pleurisy. In the ab- 
sence of diagnostic tests, it was believed that it might be worth while to review 
a large series of cases of primary pleural effusion with particular attention to the 
diagnostic problems involved. Such a review constitutes the basis for the pres- 
ent report. 


OBSERVATIONS 

Composition of Series 

One hundred patients with serous pleural effusion observed on the tuberculosis 
service of Fitzsimons General Hospital, Denver, Colorado, have been reviewed. 
The patients were admitted to this hospital within a period from May, 1947 
through January, 1948. No pleural effusion which appeared in association with, 
or subsequent to, knoum pulmonar}’- disease or a surgical procedure was included 
in this series. Therefore, the cases reidewed may be considered “primary.” 
Only those cases in which observations were made for a minimum of six months 
in the hospital are included. 


Classification 

The cases were grouped according to reoentgenographic evidence of parenchy- 
mal disease and the results of studies of sputum and pleural fluid after a minimum 
of six months or more of hospitalization. Group I consisted of 55 cases without 
evidence of pulmonary lesions or abnormal laboratory findings. Group II con- 
sisted of 24 cases without evidence of pulmonarj’’ disease but with bacteriologic 
evidence of tuberculosis. Group III consisted of 21 cases in which evidence of 
pulmonary disease (wdth or without positive bacteriologic tests) was detected 
after the appearance of the effusion. 

The series is necessarily a select group as it consists only of American males 
(97 soldiers and 3 veterans). Sixty-two per cent were in the age group 18 to 21 
years and 90 per cent were in the 18 to 30 year old group. The youngest patient 
was 17 and the eldest, 39 3 ’-ears of age. The series of 100 cases included Negroes 
and 7 Japanese-Americans (table 1). The great majority of the cases (97 per 
cent) were transferred from other Army hospitals. Seventy-one per cent of the 
patients developed their illness while on foreign duty (table 2). 

^ From the Medical Service, Fitzsimons General Hospital, Denver, Colorado. 
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and the effusion alwas’^s occurred on the same side of the chest. The associated 
fever would usually vary from 99 to 103° F. Only one patient had a fever as 
high as 105° F. He was considered to have an atypical pneumonia with effusion 
until the presence of tubercle bacilli in the pleural fluid was demonstrated. In 
the entire series the average duration of fever was eighteen to twenty-one days. 
A duration of four to six weeks w’as not uncommon. The fever usually ter- 
minated by lysis and did not appear to have been affected by chemotherapy. 
Seventy-two patients received penicillin, 25 were given sulfonamide alone or in 
conjunction vdth penicillin, and. 3 w^ere treated wuth streptomycin. 

It was noted that in 15 patients wuth a fever of 103° F. or higher a gradual drop 
to a low grade fever followed aspiration of the pleural fluid. Conversely, the low 
grade fevers seemed relatively unaffected by aspiration of the fluid. 

Eighty-two of the 100 patients lost weight during their illness. The amount 
of loss varied from 5 to 20 pounds. The loss of w'eight occurred principally dur- 
ing the acute or febrile phase of the illness. This w'eight was usually regained 
quite readily following termination of the acute phase. 


TABLE 3 

Subjective symptoms 


TOTAL 


I 

GSOX7FS 

II 

ni 

94 

Chest pain 

53 

22 

19 

88 

Malaise and fever 

48 

20 

20 

25 

Cough and sputum 

14 

6 

5 

12 

Dyspnea 

6 

4 

2 

82 

Weight loss 

40 

22 

20 


It was particularly interesting to note the relatively insidious onset of symp- 
toms in primary pleural effusions. A careful history of subjective symptoms, 
with particular emphasis on onset of chest pain, revealed that 73 per cent ex- 
perienced the onset of S5Tnptoms one or more weeks prior to hospitalization. 
The initial onset was usually one of intermittent, transitory chest pain, occasion- 
ally “sharp”, but usually dull. Increased chest pain plus fever and malaise would 
usually force the patient to seek medical aid. The duration of symptoms before 
seeking medical care was two to seven days in 27 per cent of the group; eight to 
fourteen days in 30 per cent; fifteen to twenty-one days in 20 per cent; and 
twenty-two to twent 5 ’’-eight days in 15 per cent (table 4). Four patients had 
had symptoms for three months prior to hospitalization and one patient had been 
ill for five months. It was also noted that in 10 patients the pleural effusions 
were discovered b}’’ routine chest roentgenograms. In three of these no history 
of anj’- symptoms could be elicited. 

Of the 100 cases reviewed, in only 10 were the initial subjective symptoms of 
chest pain suflSciently severe to warrant seeking prompt medical aid. Roent- 
genographic examinations at the time of onset of the pain were negative. Sub- 
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acute febrile phase of the illness had subsided. In many cases the elevation 
persisted the entire period of observation (s'lx to eight months) prior to transfer 
of the patient to a t'eterans Hospital. It was noted that the course of the sedi- 
mentation rate seemed directly related to the regression of the pleural fluid or 
fibrinous pleurisy. All patients with a minimal fibrinous pleurisy which was 
stable roentgenographically for two or more months within six months of onset 
had sedimentation rates A\-ithin normal limits. This was also true of 5 patients 
who subsequently developed parenchymal lesions (table 6, cases 7, 9, 16, 17, 18). 

Sixty-two per cent of the patients had total leucocyte counts which were 
within normal limits (2). In ever}* instance the differential counts were within 
the normal range, including the determinations in the 28 patients with a mild 


T.VBLE 5 

Lahoralory examinations of pleural fluid and sputum 



I 

CliOUFS 

n 

in 

•Specific gravity above 1.015 

41 

20 

14 

•Specific gravitv below 1.015 

2 

1 

2 

Lymphocytes predominate 

42 

19 

14 

Pohnnorphs predominate 

1 

2 

2 

Positive guinea pig inoculation for M. tuberculosis 

0 

15 

3 

Positive culture M. tuberculosis 

0 

2 

0 

•No aspiration 

7 

1 

2 

•Results unknown 

5 

2 

3 

Sputum positive for M. tuberculosis 

0 

8 

8 


55 

24 

21 


* Total— 100 


leucocytosis (up to 12,500 per cm-). The erythrocyte and hemoglobin deter- 
minations were all within normal limits. 

Occurrence of Parenchymal Disease 

In this series of 100 cases, 21 subsequently developed roentgenographically 
demonstrable parenchymal disease following the onset of the pleural effusion 
(table 6). It should be emphasized that no instance of effusion concomitant 
with knowm parenchymal disease or primary complex was included in the series. 
In all but 3 cases roentgenograms obtained tw^o to twenty-four months before 
the onset of effusion were available. In the 3 without previous films, it was 
possible to observ^e the parenchymal lesions roentgenographically following the 
onset of effusion. 

All of the parenchymal lesions were minimal in extent except two (cases 6 and 
7) which were moderately advanced. The apical lesions w^ere typical of reinfec- 
tion pulmonary tuberculosis. Ten lesions w^ere suggestive of a primaiy par- 
enchymal focus. In only 2 of these cases (7 and 19) was an associated Mar 
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a convalescent furlough (forty-five days) a minimal apical lesion was discovered. Tubercle 
bacilli were present in the sputum. The lesion progressed to cavitation. 

Three patients had bilateral effusions with initial onset on the right and sub- 
sequent contralateral effusion at two and one-half, three, and four months, 
respectively. One of the patients (case 21) developed bilateral, minimal apical 
lesions three months after the onset of the pleurisy, a peritoneal effusion six 
months later, and tuberculous meningitis confirmed by culture eight months after 
the onset of the pleural effusion. This was the only case comparable to those 
reported by Fernandes (2) who believes that bilateral pleural effusion is fre- 
quently a manifestation of miliary tuberculosis. 

The results of the bacteriologic examinations of the sputum are presented in 
table 6. It is granted that the finding of a parenchymal lesion did prompt re- 
peated and intensified studies of the sputum. Bronchoscopy of all patients whose 
sputum contained M. tuberculosis revealed no endobronchial disease. AH of the 
parenchymal lesions were initially noted upon the same side as the effusion, in- 
cluding 3 of the instances of bilateral effusions. In the remaining instance (case 
21) with bilateral lesions, it was impossible to determine which lesion developed 
first, for both were noted upon the same roentgenographic examination. 

Pathogenesis 

Israel and Long (3) have reported that primary tuberculous infection in adults* 
as evidenced by a change in tuberculin sensitivity from negative to positive, may 
be followed after a short interval by an attack of pleurisy. 

Erwin (4) in 1944 postulated reasons why an intrathoracic primary complex 
might be expected to produce direct infection of a highly allergic pleura with 
tubercle bacilli penetrating either from a subpleural parenchymal focus, or from 
a caseous tracheobronchial lymph node. 

Thompson (5) accepts this theory and refutes the theory of post-primary dis- 
semination by the blood stream on the basis of his observations on 190 cases. 

The Erwin theory, especially as elaborated by Thompson, may quite well 
be the explanation of pathogenesis of many of the cases in the present series. 
As previously noted, all of the patients had positive tuberculin skin tests. A 
good deal of information favoring or refuting Erwin’s theory could have been 
obtained from the present series had the history of tuberculin conversion been 
known. 

Prognosis 

It is granted that the time period of observation of the cases reviewed is short 
and that much must be speculated in regard to the eventual course of the cases. 
It should be noted that a long term suri’^ey of primary pleural effusion cases 
(including cases reviewed) is currently being evaluated by Dr. Wm. H. Roper, 
Director of Minimal Tuberculosis Research, Fitzsimons General Hospital (6). 
However, it is significant to note that 21 per cent of the present series developed 
pulmonarj' tuberculosis within one year (average 6.2 months) after the onset of 
pleural effusion. In regard to prognosis, this percentage may be compared with 
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Thompson’s (7) findings where 12 per cent of 190 patients with pleural effusion 
developed a parenchj-mal lesion within the first year and a total of 25 per cent 
within five 3 ’’ears. 

Bonilla’s (8) report maj'- also be applied with some concern to the cases re- 
\’iewed, for in his group of 40 patients ndth pleural effusions without an}' pulmo- 
nar}*^ infiltration, the parench}Tnal lesions developed in the whites in an average 
of 38 months, and in the Negros 21.3 months after the pleurisy. 

Jones and Dooley (9) demonstrated that pleural effusion may be a manifesta- 
tion of e-xtrapulmonar}' tuberculosis, especially in the Negro. They also em- 
phasized the necessity for a guarded prognosis in Negro patients with effusion, 
for in their series of 99 cases followed for more than one year 15 per cent even- 
tually died of tuberculosis which was principally of an extrapulmonar}’’ form. In 
the total cases reviewed in the present report, only one presented evidence of 
e.xtrapulmonar}' tuberculosis during the short time of observation. It was an 
instance of renal tuberculosis in a Negro of group I. 

COM.MENT 

Although it is generally accepted that a primary pleural effusion is frequently 
a manifestation of tuberculosis, the insidious onset, chest pain, fever and malaise 
do at times present problems of differential diagnosis. 

In this scries of 100 cases, 24 were originally considered to have nontuberculous 
diseases, including pneumonia with effusion, bronclutis, and malaria. The 
diagnosis of atypical pneumonia with effusion was most common. This error 
occurred especially when the patient presented himself after a relatively short 
duration of symptoms and only a minimal effusion was demonstrable roent- 
gcnographically at the onset of the illness. Particular reference is made to the 
cases of atypical pneumonia with effusion as cited by Turner (10). Several of 
his e.xamples were comparable with almost any one of the 27 patients of the 
present scries who had had symptoms for less than one week. Of the 24 cases 
that were originally considered to have diseases other than tuberculosis of the 
pleura, 13 were in group I, 7 in group II, and 4 in group III. 

Examination of the fluid may give much information in regard to etiolog}’ and 
at times may establish the diagnosis (11 to 17). The imporUance of a positive 
finding of tubercle bacilli on culture or guinea pig inoculation of the pleunal fluid 
is evident. Nevertheless, the relatively low incidence of successful isolations of 
tubercle bacilli from the pleural fluids of the present series (35 per cent) and in 
other report.s (5, IS, 19) scn-cs to emphasize that the diagnosis for the most part 
depends upon careful differential diagnosis and clinical experience. 

Since many of the effusions wore' Icstod at other hospitals, the techniques cm- 
ployc<i are unknown. .Vt the laboratories of Fitzsimons General Hospital, ac- 
cording to Fisher (20), the centrifuging of large amounts of pleural fluid followed! 
by guinea pig inoculation of the ri'.sulting sediment profluces the most favomble 
results. Granting that with .a uniformly optimal technique, the re.'ults might 
luive i.een somewhat better, the problem is not appreciably lessened. 

Tiu- nrce.'.'ity, iu'Ctiuse of the lack of ab.soluto cerl.ainly, to designate tho-c in- 
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fections in wliicli the etiology has not been demonstrable, e.g. group I, as “prob- 
ably tuberculous” occurs. The possibility that these cases may represent other 
diseases, e.g., atypical pneumonia or rickettsial infections, cannot be completely 
excluded. 

As noted in the cases reviewed, it is impossible to foretell which infections may 
progress to the development of parenchymal or other lesions. Hence, in the 
light of current knowledge, treatment must be initiated empirically. 

The treatment of primarj’- pleural effusion had dual ob j ectives. The maximum 
removal of fluid in an effort to limit the chronic fibrinous and eventually fibrous 
pleurisy to a minimum may be cited as one objective. The other is bed-rest 
for the underlying tuberculous lesion, -whether it be -visible or invisible on roent- 
genographic examination. This bed-rest may be considered as prophylaxis 
rather than therapy. It is recalled that, in the majority of the 21 cases -with 
lesions, the latter appeared while the patients were on bed-rest. Three cases 
were also cited that demonstrated the dangers of too early activity. Bonilla (8) 
noted in his series that the patients whose lesions became kno-wn during rest had 
a much more favorable prognosis than those whose lesions were detected during 
periods of physical activity. 

It is believed that at least one year of good sanatorium care -with complete 
bed-rest is the minimum amount of treatment which is advisable for a patient 
yith primary pleural effusion. Periodic roentgenographic examination during 
the subsequent four years is of equal importance as recommended by Thompson 
(7). As noted above, a normal erythrocyte sedimentation rate -within the first 
six months of rest does not necessarily preclude the subsequent development of a 
parenchymal lesion. Moreover, a normal value for the sedimentation rate is 
not a trustworthy guide by which to determine the proper duration of treatment. 

The responsibility upon the physician, especially in civilian life, to regard an 
effusion as “probably tuberculous” and to initiate recognized treatment is tre- 
mendous. It entails study of possibilities versus probabilities in which often, 
if not invariably, the patient will make the final decision as indicated by the 
response and cooperation with treatment. 

The degree of cooperation is usually directly proportional to the degree of cer- 
tainty of diagnosis of the physician. The patient, when there is question or 
choice of diagnosis, -nill invariably apply the diagnosis of lesser consequence to his 
case. 

It is relatively easy to practice didactic medicine in the Armed Forces. Among 
ci-vilians, however, a period of long continued bed-rest creates a terrific eco- 
nomic problem. The financial catastrophe related to prolonged hospitalization 
frequently immediately overshadows the subsequent possibilities and probabili- 
ties of a course of disease to the patient. The physician must, with supreme 
effort, divorce himself from tliis influential factor in making the diagnosis and 
prescribing the necessary treatment. 

There is still much to be learned about primary pleural effusions. A means 
of definitely establishing etiology and thereby removing the doubt from both the 
physician and the patient is urgently needed. 
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and deep breathing. The breathing resistance was further reduced by employing large 
tubing with an inside diameter of 2.9 cm. in conjunction with the high velocity directional 
valve used to prevent excessive accumulation of CO«. Multiple measurements were ob- 
tained in every ease, each being a twelve second run, with varying rates and depths of 
breathing. The values reported were the highest obtained. Measurements made on 
trained subjects with the above apparatus, which was designed to reduce resistance to a 
minimum for the MBC deternunations, check closely with values obtained when employing 
the 100 L, Douglas bag and the high velocity directional valve. Two writing pens are used 
on the electrically driven (two speed) kymograph, one to record amplitude and rate of 
breathing and the other to add the total volume. The regression formulausedfor calculat- 
ing the predicted values was: MBC L/nain. = 86.5 — (0.622 X age in years) X B.S.A. (sq. 
m.) (6) . All ventilatory volumes are measured as saturated gas at 37°C. and the prevailing 
barometric pressure. 

Roentgenograms of the chest were taken at full inspiration and at full expiration in 
postero-anterior view. Routine fluoroscopy was done on all the patients. 

All residual air measurements were made with the patients in a fasting and resting state 
lying supine and as flat as was comfortable for the individual. No medication was ^ven to 
the patients. All MBC determinations were made in the standing position. 

MATERIAL FOR STUDY 

All of the patients were male anthracite coal miners with a long history of 
exposure to dust in mines. These miners were sent to the Barton Memorial 
Division of Jefferson Hospital for a study sponsored by the Anthracite Health 
and Welfare Research Fund of Jefferson Medical College. Patients were ad- 
mitted to the Barton Memorial Hospital in order of the date of application for 
study, hence there was no selection by the laboratory staff except that subjects 
wdth proved pulmonary tuberculosis were omitted. However in 5 cases active 
tuberculosis was diagnosed after study (table 1). All but one of the patients 
complained of dyspnea. Chest pain, cough and expectoration, weakness, loss 
of W'eight and hemoptysis were the other most common complaints. In some 
patients dyspnea was present only during the course of minor respiratory in- 
fections, while in others there was a history of cyclic recurrence of the symptoms. 
All degrees of dyspnea were observed from the most profound, even during bed- 
rest, to slight exertional dyspnea after exercise. There was no evidence of 
cardiac decompensation in this group at the time of study. However, two 
patients were knowm to have cardiac disease with electrocardiographic evidence 
of myocardial damage (table 1). 


RESULTS 

A quantitative indication of the degree of emphysema was obtained by ex- 
pressing the residual air as per cent of the total lung volume (residual air -f- vital 
capacity). This is a physiological comparison of the relationship of the volume 
of residual air on the mixing and dilution factor udth respect to the vital capacity 
and total lung volume. It is a more accurate measurement of pulmonary func- 
tion impairment than the changes in residual air from the predicted, in w'hich the 
wide variations in vital capacity are not correlated. Furthermore the total lung 
volume varied less from the predicted than either residual air or xital capacity 
measurements for the entire group (table 1). Accordingl}^ the degree of emphy- 
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TABLE 1 — Continued 



II. Slight degree of emphysema — Continued 
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cent 
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fntrt- 
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per 

cent 
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55 

166 

! 

25 

3 

1,615 

33.4 

3,225 

13.2 

85 

24.6 

9.4 

89.5 

- 1.8 


5i 

168 

1 

33 

3 

ilW»M 

34.4 

3,230 

20.8 

43 

57.4 

7.2 

83.8 

- 9.5 


45 

ISl 

1.S4 

30 

3 

1,578 

34.8 


35.0 

70 

40.0 

10.3 

85.4 

-25.0 


60 

173 

1.74 

40 

3 


34.9 

■ 

50.2 

81 

16.0 

9.0 

89.0 

-42.8 

Av 

H 



a 

■ 

1,420 

30.8 

3,270 

19.1 

66 

36.3 



-11.5 


III. Moderate degree of emphysema 


S.M 

58 

178 

1.87| 

32 

3 

1,267 

35.3 

2,340 

47.5 

81 

22.8 

10.4 

86.7 

-38.6 

J.L. 

64 

175 


35 

3 

1,405 

35.8 

3,520 

44.5 

50 

47.9 

7.7 

84.7 

-34.0 

P.C. 

56 

167 

1.71 

35 

2 

iiyw 

36.2 

iliKi] 

21.6 

81 

17.2 

8.5 

88.8 

- 9.7 

F.M. 

53 

170 

1.73 

38 

2 


36.3 

3,420 

15.6 

66 

35.7 

9.5 

85.6 

+ 1.0 

T.M. 

52 

172 

1.71 

27 

3 

1,275 

36.7 

2,210 

46.3 

29 

72.4 

8.0 

72.6 

-36.0 

J.B.t 

53 

173 

1.93 

43 

2 


36.8 


12.6 

84 

26.3 

10.7 

73.3 

+ 4.2 

J.S. 

45 

162 

1.58 

24 

3 


37.3 

1,850 

48.4 

24 

76.0 

7.9 

67.0 

-37.8 

V.B. 

43 
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25 

3 
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37.5 

2,140 

53.0 

43 

61.8 

7.9 

81.4 

-43.0 

J.K. 

55 

161 

1.69 

28 

3 

1,278 

37.6 

2,120 

40.0 

27 

73.5 

6.9 

87.3 

-40.7 

A.G. 

59 

179 

1.88 

42 

3 

2,267 

37.8 


16.7 

56 

46.5 

7.3 

87.2 

+ 1.1 

A.N. 

72 

159 

1.69 

28 

3 

1,824 

38.6 

2,910 

19.7 

54 

35.2 

9.7 

82.0 

- 1.0 

D.R. 

54 

175 

1.80 

35 

3 

1,634 

38.6 

2,600 

39.4 

32 

69.6 

10.8 

63.2 

-25.2 

A.S. 

45 

176 

1.78 

22 

3 


38.6 

2,870 

33.2 

45 

59.5 

10.3 

77.8 

-18.6 

M.K. 

60 

166 

1.48 

27 

3 

miMa 

38.8 

1,675 

57.0 

28 

65.9 

8.5 

69.6 

-47.2 

T.P. 

58 
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1.89 

33 

3 

1,673 

38.8 

2,640 

39.2 

41 

61.6 

10.7 

74.0 

-25.6 

A.H. 

59 
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1.74 

42 

2 

ilRiM 

39.0 

2,670 

29.7 

39 
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80.0 

-13.3 

C.B. 

50 
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1.76 

27 

3 
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39.2 
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43 
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83.6 

-11.8 

C.H. 

48 
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2.08 

28 

1 
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39.6 
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44.5 

9.8 

83.6 
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P.A. 

59 
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44 
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51 
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36 
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46.0 
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61 
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45 

2 

MS 
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40.6 

48 
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-23.0 
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47 
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37.4 

43 
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2 
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3 

1,835 
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sema vas classified in five groups based on the residual air per cent of total lung 
volume as described below. The volume of residual air normally constitutes 
25 per cent or less of the total lung volume. When such values are obtained 
the lungs as a whole are physiologically not emphysematous, although there may 
be small scattered or localized areas of bullae or blebs which are insignificant 
in their contribution to the pulmonary functional impairment by increasing the 
mixing and dilution factor. When the residual air occupies 25 to 35 per cent 
of the total lung volume a slight degree of emphysema is present, which again is 
not generally of sufficient magnitude to produce symptoms from the emphysema 
factor per se, that is, the mixing and dilution factor imposed by the increased 
volume of residual air. An occasional exception is represented by the patient 
vdth a marked decrease in ^^tal capacity. If, ho\vever, the residual air is 35 to 
45 per cent of the total lung volume, emphj'sema of a moderate degree exists. 
If the residual air is proportionately greater (45 to 55 per cent), the emphysema 
is advanced, and is far advanced when the residual air represents more than 55 
per cent of total lung volume. In general, for the emphysema alone to alter 
pulmonary function significantlj’^, the residual air must occupy 35 per cent or 
more of the total lung volume. 

The data of the 100 cases are presented in table 1, and are arranged in five 
groups with respect to the severity of the emphysema. In each group the indi- 
vidual cases are listed in order according to the increasing percentage of total 
lung volume occupied by the residual air. The average values for each group 
are given in table 2, which is a summary of table 1. 

The duration of exposure to dust inside the mines, as reported by the patient, 
ranged from 20 to 45 years, with the exception of four cases. There was no 
relationship between the length of exposure and the degree of pulmonary em- 
physema present (tables 1 and 2). 

In the group of cases with a history of 20 to 25 years exposure (table 1), there 
were 25 patients. In 9 the degree of emphysema was advanced or far advanced, 
in 6 it was moderate and in 10, or 40 per cent, the emphysema was insignificant. 
The findings were similar in the group with a history of 35 to 40 years of inside 
exposure. Six of these 23 patients had an advanced or far advanced degree of 
emphysema, 6 had a moderate degree and 11, or 47.8 per cent, had insignificant 
emphysema. In this series one case with a history of 14 years of exposure had a 
far advanced degree of emphysema, but another case with 47 years of exposure 
had only a slight degree of emphysema. Two other patients with histories of 
exposure inside the mines of 55 and 56 years, respectively, had emphysema of a 
far advanced degree. 

Figure 1 shows the relationship of age and residual air, expressed as per cent 
of total lung volume. It will be noted that 14 per cent of the cases had no em- 
physema and 23 per cent had only a slight degree of emphysema, making a total 
of 37 per cent ndthout a significant degree of emphysema. However, 63 per cent 
of the cases did have a significant degree of emphysema distributed as follows : 
30 moderate; 18 advanced; and 15 far advanced. Figure 1 reveals that the 
ages are, for the most part, between 40 and 65 years, and that all degrees of 
emphj^sema occur in all age gi-oups. For example, of 37 in the 40 to 50 year age 
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group, a significant degree of emphj'sema was present in 59.4 per cent of the 
cases and an advanced degree in 32.4 per cent. In the 50 to GO year age group, 
(38 cases) G3.2 per cent bad a significant degree of empln-seraa and 2S.9 per cent 
an advanced degree. In the group CO years of age and above, (24 cases) 60.7 
per cent had a significant degree of emphysema and 37.5 per cent an advanced 
degree. 



30 35 40 45 60 55 CO 65 70 75 

AGC IN YEARS 


I iG. 1. Pulmon.iry cmphyspm.T in 100 c.osc.s of nnthracosilico.'iis. Rclnlionship between 
ape in years and decree of pulmonary emphj'scma (a-s indicated by cxprcssinR the residual 
air as per cent of total Iuor volume on the ordin.ate) in 100 cases of nnthracosilicosis. Kach 
dot reprerents one patient. Note the occurrence of all degrees of cmphvsema in all age 
groups f^O to Co years). In H per cent of the cases there was no einphypcma and in 23 jvrr 
cent only a slight degree of emphy.scma. 

One patient, (I-iS tabic I), .38 years of age witli a M year hi.slorj’ of exposure 
inside the mines h.ad a far advanced degree of emphysema. It .«hoiild be noted 
th.al 70 per cent of the patients studied were under 00 years of age and .31.6 per 
cent of these had an advanced and dbalding degree of pulmonary einphjTem.a. 
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The average alveolar nitrogen per cent in the five groups shows a progressive in- 
crease as the degree of emphysema increases; however, the individual variations 
in each group are large. 

Relationship beiioeen vital capacity and residual air: The relationship between 
Rutal capacitj'^ and the residual air e.\'pressed as per cent of total lung volume may 
be seen in figures 2 and 3 . In general the decrease in \utal capacity f or the greater 
number of cases varied from 30 to 65 per cent below the predicted value. There 



VITAL CAPAOTY N CU0C CENTIMETERS 

Fig. 2. Relationship between vital capacity and the degree of emphysema^ 

was poor correlation between vital capacity and the pulmonary emphysema pres- 
ent, the individual variations between cases with similar degrees of emphysema 
being great (figure 2). A vital capacity of 2,500 cc. may occur in the presence 
of no emphysema or in far advanced emphysema (figure 2). The average values 
for the groups classified by the degree of emph5'^sema present (table 2 and figure 
4), reveal a progressive decrease in the vital capacity as the residual air per cent 
of total lung volume increases. 

The vital capacity (VC) data, given in table 1 and figure 3 may be further 
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PERCENT DECREASE n?OM PREDICTED 

Fig. 3. Relationship between the per cent decrease in vital capacity from the predicted 
values and the degree of emphj*sema. 
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Averages of rafacs presented in table I 
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grouped for analytical study based on the decrease from the predicted values as 
follows: 

(1) Degree of emphj'sema not significant, 37 cases. 

19 cases (51.4 per cent) Decrease in VC 10 per cent or less 

10 cases (27.0 per cent) Decrease in VC 10 to 30 per cent 

S cases (21,6 per cent) Decrease in VC 30 to 50 per cent 

(2) Degree of emphysema significant, 63 cases. 

10 cases (15.9 per cent) . .Decrease in VC 10 to 30 per cent 

32 cases (50.S per cent) Decrease in VC 30 to 50 per cent 

11 cases (17.4 per cent) Decrease in VC 50 to 60 per cent 

10 cases (15.9 per cent) Decrease in VC 60 to 70 per cent 

(3) In tlie group of 33 patients with an advanced and disabling degree of emphysema, 
16 (4S.5 per cent) had a x-ital capacity which was decreased less than 50 per cent 
from the predicted value. 


TOTAL LUNG VOLUME AND MAXIMAL BREATHING CAPACITY N RELATION 
TO THE DEGREE OF PULMONARY EMPHYSEMA. 
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Fig. 4. Total lung volume and maximal breathing capacity in relation to the degree of 
pulmonary emphysema. 


Maximal breathing capacity: The maximal breathing capacity (MBC) was 
measured at the same time as the vital capacity. The relationship between MBC 
and the degree of pulmonary emphj’^sema is presented in figures 5 and 6. There 
IS a better correlation between the degree of pulmonary emphysema present and 
the reduction in MBC observed than was found to exist between vital capacity 
and emphysema. In 56 cases the MBC was reduced 50 to 80 per cent from the 
predicted value and in 25 cases the decrease wms 70 per cent or more from the 
predicted value (figure 6) . The decrease in MBC from the predicted value, as 
shown in figure 6 and table 1, may be similarly grouped for analysis as was the 
vital capacity; 

(1) Degree of emphysema not significant, 37 cases. 

5 cases (13.5 per cent) Decrease in MBC 10 per cent or less 

11 cases (29.8 per cent) Decrease in MBC 10 to 30 per cent 
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12 caPCs (32.4 per cent) Decrease in MI3C 30 to 50 per cent 

S c.nfe.s (2I,G per cent) ... .Decrease in MBC 50 to GO per cent 

1 case (2.7 per cent) Decrease in MBC GO to 70 per cent 

(2) Degree of emphysema significant, 63 eases, 

5 eases (7.9 per cent) Decrease in MBC 10 to 30 per cent 

5 cases (7.9 per cent) Decrease in MBC 30 to 50 per cent 

Q eases (14.3 per cent) Dccre.asc in MBC 50 to 60 per cent 

19 cases (30.3 per cent) .Decrease in MBC GO to 70 per cent 

20 c,ases (31.7 per cent) Dccrc.asc in MBC 70 to SO per cent 

5 cases (7.9 per cent) Decrease in MBC SO to 90 per cent 

(3) In the group of 33 patients with an advanced and disabling degree of pulmonary 
emphysema, all mccept one had 50 per cent or greater dccrca.se in MBC. 

In general, MBC shows a much better correlation with the disability produced 
by the pulmonary emph\'sema than is .shown by the vital capacity. Although in 
some instances the variations in individual eases with the same degree of em- 
phj*scma are large, they arc not as great as are seen in the vital capacity measure- 
ments (figures 2 and 5). The average for the five groups (table 2, figure 6), 
shows a smooth progressive decrease in MBC .as tlie residual air increases and the 
A’ital capacity decreases. If the MBC is decreased CO per cent or more from the 
predicted value or if the actual measurement^for men is 40 L. per minute, or less, 
the degree of emph.vscma present is usually significant (figimcs 5 and 0). 

Hypcrvcnttlaiion: Hj’per\'cntilation was present in all groups (tables 1 and 
2). A few patients in each group exiiibitcd marked hj’perventilation, in some 
instances resulting from apprehension and in others as a compensator^’ response 
to the emphysema, Mthough the resting minute ventilation has limited prog- 
nostic value as a single measurement, it is useful in determining the breathing 
resen'e. The breathing rcsen’c expressed as per cent of MBC was 89.6, 85.0, 
79.6, 73.8 and 67.5 respectively for the five groups (tables 1 and 2). The breath- 
ing reserv’c when expressed in this manner shows a fair correlation with the de- 
gree of emphysema present (figure 7). If the breathing reserv’e was 70 per cent 
or less of the MBC, the degree of emphysema was significant but was insignificant 
if the breathing reserve was 90 per cent or more of the MBC. 

The total lung volume was decreased in 81 out of 100 cases. The most marked 
decrease, an average of 20 per cent, was in the third group with a moderate de- 
gree of emphysema (figure 4 and table 2). In this group a proportionally 
greater decrease in vital capacity and smaller increase in residual air were present 
as compared to the other groups. Patients vuth an advanced degree of pul- 
monary emphysema apparently have developed more compensatory emphysema 
with a resulting smaller decrease in total lung volume. Why some patients 
develop so much more compensatory emphysema than others is not known. The 
extent of the emphysema in this group at least was not apparently related to age, 
height, weight, or length of exposure in mines. 

Roenigenographic findings: The chest roentgenograms were classified according 
to the descriptions of Pancoast and Pendergrass (7) (table 1). In this classifica- 
tion the first stage is characterized by increase in the size and density of the hilar 
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that individual susceptibility to exposure of coal mine dust varies and unknowm 
intrinsic factors maj^ exert an influence on the degree of pulmonary disabilit}' 
that follows. Bamberger (9) has reported that, in a group of miners working 
under the same conditions at the same time, one may develop linear exaggeration 
of a mild degree, whereas another will develop far advanced nodular silicosis. 
The condition of the ciliated epithelium (10) may be responsible for the lack of 
a normal degree of protection against dust invasion. Decreased motilit}’’ of the 
cilia in certain persons impairs the removal of inhaled particles. The exposure 
time as given by the patient has a limited value, although in the present stud 3 ’’ as 
exact a histoiy as possible of the total time inside the mines was sought. As 
manj" accurate measurements of the degree of emphj^sema have been made, the 
observations reported in table 1 suggest the presence of an individual susceptibil- 
ity factor. For example, case F. R., age 54 (group 1, table 1), with a 40 3 '’ear 
histoiy inside the mines had no emph 3 '^sema, ivhile case F. S., age 41 (group 5), 
with a 21 3 'ear histoiy inside the mines had a far advanced degree of emph 3 'sema. 
Although the concentration of dust in the mines varies widety, it is unlikel 5 % even 
if the exact amount of dust inhaled could be ascertained, that it could be cor- 
related with the degree of emply^sema present in this series of 100 cases. 

The findings indicate that practically all of the subjects h 3 qDerventilated, but 
there was no significant correlation between the extent of h 3 "perventilation and 
the degree of emphysema. Hyperventilation is a compensatoiy mechanism, 
however, and during the early stages of the process ma 3 ’^ be adequate until loss 
of elasticity of the lungs and obstruction markedl 3 ’- decrease lilBC and YC. The 
minute ventilation alone was not related to the extent of pulmonaiy disability. 
In most cases the total lung volume was decreased. Nineteen per cent of the 
cases showed an increase, however, and in a few there was no significant change. 
Compensatoiy emphysema was present in some cases and absent in others. 
Some of the patients with flat chests had an advanced degree of emph 3 'sema, 
lirobably indicating a more rapid development of the emph 3 'sema and the onset 
of the process later in life than in the case of the typical “barrer’ shaped chest 
of the asthmatic ■with a far advanced degree of em]ih 3 "sema. 

The roentgenographic findings alone do not permit a proper evaluation of the 
impairment of pulmonaiy function in man 3 ’- cases. Extensive deposits of silica 
may be demonstrated on the roentgenogram when the pulmonaiy function is 
onl 3 ' moderateh' altered, while in other cases with minimal findings on the roent- 
genogram, the pulmonaiy function is greatli' impaired. In a considerable num- 
ber of cases even the degree of emplyscma jiresent. is difiicult to approximate from 
the roentgenogram alone. 

As 14 jicr cent of the casc.s in this series had a residual air less than the normal 
predicted, and 23 per cent had onh- a slight increase in the residual air per cent 
of total lung volume, jiulmonaiy cmph 3 'scma could not be assigned as the basi.s 
of the res])iratoiy difiicuU 3 '. Furthermore, in most instances those subjects 
with an insignificant amount of cmplysema did not have a nahiction in MBC 
of suflicient degree to account for the .« 3 'mi)tonis presented. 

At the present time the studies arc being extended to investigate the nature 
of different t 3 ’pes of impairment of pulmonar 3 ’ function including the transfer 
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of O2 and CO" between the alveoli and arterial blood. Preliminary findings in- 
dicate that the fibrosis present in some cases of anthracosilicosis, although not 
producing a significant degree of emphysema, interfeies with the uniform aera- 
tion of the alveoli (the distribution factor (11, 12)). Consequently an increased 
percentage of alveoli are poorlj' ventilated with a resulting increase in the mean 
pressure gradient of pO^ between the alveoli and the arterial blood. Distribu- 
tion, one of the factors contributing to the alveolar-arterial pOj gradient, may 
be defined as: (1) the variations in alveolar pOa in different parts of the lungs; 
and (2) the ratio of alveolar ventilation to alveolar perfusion. Also the fibrosis 
obliterates the blood supply to alveoli, so that areas of the lung are ventilated 
but not perfused, thus increasing the physiological dead space and reducing the 
efficiency of O2 removal per liter of ventilation. Furthermore, studies ndth high 
and low levels of oxj’^genation indicate that the increased pOa gradient between 
the alveoli and arterial blood is primarily one of distribution and not a diffusion 
difficulty (increased resistance to passage of oxygen through the pulmonaiy mem- 
brane). The pulmonaiy functional impairment of distribution described above 
maj'’ produce marked arterial oxygen unsaturation at rest even in the absence of 
emphysema and with a normal maximal breathing capacitj'. An accurate clin- 
ical evaluation of the disability in such a patient is veiy unlikely when the roent- 
genographic findings are minimal. 

The compensatoiy mechanism for the mixing and dilution problem imposed 
by the increased volume of residual air is h,vperventilation. The extent of this 
response varies widely, so that compensation is good in some patients and poor 
in others with the same amount of emphysema. Fibrosis and loss of elasticity 
of the chest wall structures and lungs restricts the amount of hj’-perventilation 
possible Yuthout dyspnea. The dj'spnea level varies nddeh', a fact which ex- 
plains the observations that the severit}'- of respiratoiy symptoms are not an 
accurate measure of the relationship between the residual air and the total lung 
volume. 


SUMMARY 

The degree of pulmonary emphysema has been evaluated plysiologicall}’’, and 
ventilation measurements obtained, in 100 unselected cases of anthracosilicosis 
with pulmonary synrptoms and a long history of exposure to mine dust. 

A quantitative indication of the degi’ee of emph5’^seraa was obtained 63' ex- 
pressing the residual air as per cent of the total lurrg volume. Oir the basis of 
this value all cases were classified in five groups as follows: (1) rro eirrph3'senia 
(25 per cent or less) ; (2) slight degree of emph3^sema (25 to 35 per cent) ; (S) 
moderate degree of emphysema (35 to 45 per cerrt); (4) advairced degree of em- 
ph3'^sema (45 to 55 per cent) ; and (5) far advanced degree of emph3^sema (Go 
per cent or more). 

No relationship existed between the history of length of exposure to mine dust 
and the degree of prrlmonary emph3'^sema present. Moreover, there was no 
apparent relationship between the stage of silicosis, as determined from the 
roentgenogram, and the degree of pulmonary emph3’'sema present. iMost of 
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junto con la radiografla tordcica, debe acrecentar la eficacia de la pesquisa de 
signos temperanos de silicosis. 

Las mediciones de la ventilacidn por minuto en reposo revelaron constante- 
mente la presencia de hiperventilacidn. Las cifras medias de la reserva respira- 
toria en los diversos grupos muestran, aunque existen variaciones individuales, 
una disminucidn gradual a medida que se acentda el enfisema. 

El enfisema pulmonar explica parte de la reduccidn de la funcidn pulmonar en 
la antracosilicosis, pero en una considerable proporcidn de casos, deben inter- 
venir otros factores por no revestir importancia el enfisema presente. 
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MANAGEMENT OF TUBERCULOSIS IN PSYCHOTIC PATIENTS^’ ^ 
LOUIS 0. LAMBIOTTE, EDWARD L. WASHINGTON and GEORGE S. BOZALIS 

INTRODUCTION 

The purpose of this paper is to instill optimism and to eliminate some of the 
pessimism that has often pervaded the literature regarding the problems of 
tuberculosis that exist in most large mental institutions. The fact that an ap- 
preciable number of psychotics make at least a partial recovery and return to 
their families and home communities and the problem of control of the disease 
in the institution make a more active approach desirable. 

There have been many articles in reference to tuberculosis among the mentallj’- 
ill (1, 2, 3, 4). However, reference to the literature has not been successful in 
yielding much information in regard to treating these patients. In the majority 
of instances an attitude of pessimism has prevailed. This is particularly true 
in regard to collapse therapy and thoracic surgery. For example, Wicks (5) 
states “it is rather doubtful whether any of the more radical tsrpes of chest sur- 
gery (nuth the possible exception of intrapleural pneumonolysis) should be at- 
tempted in a tuberculosis mental unit.” Leonidoff (6) states “pneumothorax is 
unsuitable for the mentally ill patient”. Although it is not intended to minimize 
the difficulties involved in treating psychotic patients with pulmonary tuber- 
culosis, the writers believe that a more optimistic attitude is warranted. To 
support that contention is the purpose of the present report which is based on 
experiences with 100 cases of pulmonary tuberculosis treated at the Veterans 
Administration Hospital, North Little Rock, Arkansas, during the past two years. 
Although the period of obsenmtion has been of insufficient length to permit 
statistically valid conclusions as to the final result of treatment, it is believed 
that these experiences show that the problems in the management of psychotic 
tuberculous patients are not insurmountable. 

Detection of Cases 

The psychotic tuberculous patient probably represents a great source of in- 
fection and propagation of the disease, both in patient population and in their 
home communities. Bogen, Tietz and Grace (7) in 1934 sur\’^e 3 "ed the patients 
in Long\new" State Hospital, Cincinnati, Ohio. Their survey showed that tuber- 
culous infection among mental hospital patients increases according to length of 
their sta}’^ in. institutions and indicated that probably the majority of such 
patients contract their infection as well as their disease after their admission to 
the mental hospital. The present survejdias revealed 28 patients who apparently 

‘ From the Medical Service, Veterans Administration Hospital, North Little Rock, 
Arkansas. 

* Published with permission of the Chief Medical Director, Department of Medicine and 
Surgery, Veterans Administration, who assumes no responsibility for the opinions ex- 
pressed or conclusions drawn by the authors. 
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Although the above principles of therapy were formulated independently, it 
was later found that the conclusions were the same as those of the group at the 
Ontario iSIcntal Hospital. 

Rniriiion: The problem of nutrition is the second problem of importance in 
each patient. The dietary regimen followed is the same as in the hospitals for 
the mentally competent. However, the coexistence of psj'chosis often interferes 
with adequate nutrition. The patient with a paranoid personality may harbor 
the delusion that the food is poisoned, the catatonic patient, in his retreat from 
reality, will cease to cat, and the hebephrenic patient may play with his food 
rather than eat it. Those who present eating problems must be picked out and 
given special attention. Every possible solution should be pven a trial. The 
same attitude of constant persuasion combined with friendliness is essential. 
Some must be fed as a child is fed. Some will eat when fed by a woman but will 
refuse all food offered by a man. Only in a few paranoic patients and in those 
with the most severe catatonia does gastric lavage become necessary. 

The following case represents a typical e-vample of a feeding problem. 

The patient was a 56 year old white male who was admitted to the Veterans Administra- 
tion Hospit.nl, North Little Rock, December 19, 1924. A diagnosis of schizophrenic reac- 
tion, catatonic tj'pe, was made. The patient has been a feeding problem throughout his 
period of hospitalization. He is apathetic, mute, ncgatiristic and at times resistive. A 
progress note in 1930 notes the following: “The patient still will cat for only one attendant 
and when that attendant is off duty, refuses to eat. Ho will take e.vercise only under the 
supervision of that one attendant.” The patient was given eight electric shock treatments 
in 1946 but this did not improve his condition. 

Roentgenographic examinations of the p.ationt’B chest were negative until 1946. In 
August, 1946 he was noted to have developed infiltration and cavitation in the left lung. 
Four sputum examinations were positive for acid-fast bacilli. The patient's psychiatric 
condition is siich that he is not a candidate for major thoracic surgery. Minor collapse 
measures have failed. During his period of hospitalization on the tuberculosis service he 
has continued to present a problem in nutrition. At intervals he refuses to eat altogether. 
After being tube fed for periods varjnng from one to five weeks, he will suddenly resume 
eating voluntarily. He consistently refuses to eat from a tray but will eat in the dining hall 
at times. He eats better when fed by a woman than by a man. He often will take liquid 
nourishment and steadfastly refuse solid food. 

Laboratory Investigations: The problem of laboratory investigation of the 
etiology and activity of the pulmonary lesions is also in need of special attention. 
Isolation of M. tuberculosis is necessary to establish the diagnosis. This pre- 
sents many problems not encountered in the mentally competent patient. 
Sputum specimens are often difficult and sometimes impossible to obtain. 
Methods must be utilized to prevent one patient from using another’s sputum 
cup. If all efforts to obtain sputum specimens from a patient are unsuccessful, 
gastric lavage must be performed. The initial use of this procedure often neces- 
sitates active restraint of the patient. It is significant, however, that most 
psychotic patients soon learn to undergo lavage udthout objection. The lavage 
specimens may be examined by direct smear but positive reports should be 
verified by culture or animal inocculation. 
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ilie quicker ilie more active measures can be taken in treating their neuropsy- 
chiatric condition. 

The psychiatric status must, also be taken into consideration in each individual 
ease. In general, it is felt that, collnp.se therapy, including major thoracic surgeiy, 
is indicated in those patients whose outlook for a remission of their mental dis- 
ease and ultimate discharge is reasonable. Also those patients Avho probably 
will not be able to leave the hospital but can adjust to minimum supendsion and 
ma.\imum privileges .should be given serious consideration. 

It is not believed that extensive .surgical procedures are indicated in the 
chronic deteriorated psychotic patient whose p.sychiatric prognosis is hopeless 
and who must spend the remainder of his life under close supendsion. Howei'er, 
minor surgical procedures, such ns pneumothorax, pneumoperitoneum, and 
phrenico-exeresis liai’c been cmploA'cd in this grouji of patients without difficulty. 

The active participation of the psychiatrist in the selection of cases for collapse 
therapy is an absolute nccc.ssity. This is particularly true for those patients 
who arc candidates for major thoracic surgery. 

In the actively psychotic patient with active pulmonaiy tuberculosis the 
decision must be made as to which illne-ss to treat with the greater emphasis. 
The disturbed, hyperactii’c patient cannot be made to obsenm bed-rest to any 
degree. He also is unable to cooperate adequately with specific forms of treat- 
ment, and is difficult to manage during the postoperative period, if surger^’^ is 
undertaken. This was well illustrated by one patient in the present series who 
expired following a second stage thoracoplasty. A brief summary'- of this case 
follows. 

C.E.H., age 52, wjis .ndmitted to tliis liospital March 27, 194C. The history roA'caled that 
the patient had been a chronie alcoholic for most of his adult life and in 1944 he was admitted 
to a state hospital in California following a long period of drinking. A diagnosis of psycho- 
sis, alcoholism, alcoholic neuritis and Korsakoff’s syndrome was made. The patient failed 
to show improvement and was transferred to this hospital. On admission he was com- 
pletely disoriented and showed marked impairment of memorj- for both recent and remote 
events. He later developed delusional ideas and was eontinually hyperactive, requiring 
frequent sedation and mechanical restraints. No improvement in his mental condition was 
noted during his hospitalization and on June 12, 1947 his diagnosis was changed to psychosis, 
alcoholic deterioration. Rocntgenographic c-xamination of the chest on admission to the 
hospital showed pulmonary infiltration in the right ape.x and first interspace. No cavities 
were seen. Gastric lavages were positive for the presence of acid-fast bacilli. Pneumo- 
thorax on the right was instituted February 3, 1947. Roentgenogram of the chest following 
institution of pneumothorax revealed the presence of pleural adliesions and a closed intra- 
pleural pneumonolysis was attempted on March 25, 1947, but was unsuccessful. Thoraco- 
plasty on the right was recommended and the first stage was performed on May 28, 1947 and 
the first three ribs were resected. The anesthesia used was nitrous oxide and oxygen and 
sodium pentothal intravenously. The patient’s postoperative course was uneventful except 
for the difficulties experienced as a result of his mental condition. He seemed completely 
unaware that he had had an operation. He insisted on being out of bed immediately and 
used his arm on the operated side without apparent pain or discomfort. He demanded and 
consumed large quantities of food. Immediately postoperatively considerable sedation 
was required in order to control the patient. On the 25th of June, 1947 second stage thora- 
coplasty was performed and the fourth, fifth, sixth, and seventh ribs were resected. The 
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therapy. His progress tlius far lias been satisfactory, and his outlook for 
recovery definitely improved. It is believed that the surgical therapy of the 
tuberculosis would not have been possible without the preceding prefrontal 
leukotomy. A brief case summary follows: 

P. L. II., age 57, was admitted to this hospital ou December 13, 1915. The patient had 
shown evidence of severe mental illness for many years and had been diagnosed as schizo- 
phrenic reaction of the hebephrenic type. A roentgenogr.aphic examination of the chest 
revealed the presence of a minimal infiltration in the right lung. The left lung showed a 
chronic proliferative inflammaforj* process extending from the second to the seventh ribs 
anteriorly. A cn\-ity appeared to bo present in the left second interspace. No active ther- 
apy was undertaken at this time. Reexamination in February, 1917 again revealed the 
previously reported pulmonarj- infiltration. There appeared to have been very slight 
regression since December, 1915. Investig.ations were carried out to determine the etiology 
of the pulmonary lesion demonstrated on the roentgenogram. The erythrocyte sedimenta- 
tion rate was found to be 32 mm. per hour. The patient was unable to cooperate in produc- 
ing sputum specimens and gastric lavage could only be performed by restraining the patient. 
The few lavage specimens obtained at this time were reported as negative for tubercle 
bacilli. The patient’s mental disease was characterized by many bizarre delusions in 
reference to the genito-urinarj' and g.astro-inlestinal tracts. He also had many delusions 
of a religious nature. These abnormal thought processes were so disturbing that the 
patient required very close supervision and sedation. He refused to allow the windows to 
be opened near his bed, objected to any light in the room, and demanded that the other 
patients leave the radio off at all times. He was so insistent in these demands that he was 
involved in frequent fights with other patients. In \'iew of the sevoritj* and long-standing 
nature of the patient’s mental illness and the presence of undoubtedb* active pulmonary 
tuberculosis, tlic patient’s case was revnewed by the medical and psychiatric Staff. On their 
recommendation, a prefrontal leukotomy was performed on June 18, 1947. Postoperatively 
a marked improvement in his attitude and bohanor was noted. He was cheerful, became 
interested in the ward activities, and cooperated fairly well with bed-rest and diagnostic 
procedures. More gastric lavages were performed and were reported ns positive for the 
presence of acid-fast bacilli, thus establishing the diagnosis of active pulmonary tubercu- 
losis. The patient’s mental improvement continued and was felt to be such that a trial 
idsit could be anticipated if his pulmonary tuberculosis could be brought under control. 
With this in view, pneumothorax on the left was initiated on August 5, 1947. It was dis- 
continued, however, on August 19, 1947, because of the presence of pleural adhesions that 
were unsuitable for pneumonolysis. The patient’s case was then reviewed by the Assistant 
Branch Chief of Tuberculosis and a thoracoplasty on the left was recommended. Strepto- 
mycin was to be given in conjunction with the thoracic surgery. The patient was started 
on streptomycin December 15, 1947, 0.5 Gm. twice a day. The first stage thoracoplasty was 
performed on February 11, 1948 and the first three ribs were resected. The anesthesia 
consisted of intravenous sodium pentothal, nitrous oxide and oxygen and curare. The 
patient withstood the procedure well and the postoperative period was free of complica- 
tions. The second stage thoracoplasty was performed on March 10, 1948 and the fourth, 
fifth, sixth, and seventh ribs were resected. Again the patient withstood the procedure 
well and the immediate postoperative period was free from complications. At the present 
time the patient has shown some exacerbation of his mental disease. His attitude is one of 
antagonism and quarrelsomeness. It is felt, however, that, as his general physical condi- 
tion improves and his feeling of well-being returns, his mental condition will again show 
improvement. Roentgenographic examination of the chest shows an adequate collapse of 
the diseased portion of the left lung. The minimal infiltration noted in the right lung on 
admission has remained stable. It is believed that this case shows that one can salvage at 
least a small percentage of patients with a disturbing ps 3 'ohosis and pulmonary tuberculosis. 
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Group C patients include those who have a psychosis of a chronic nature and 
who are either chronically disturbed or show marked mental regression and 
deterioration. It is this group of patients in which the highest incidence of 
pulmonary tuberculosis is found. Although it may be possible to carry out 
collapse therapy in a few of these patients, it is the exception rather than the 
rule. In general, no specific treatment is indicated except segregation from the 
hospital population. It is, however, in this group that prefrontal leukotomy 
should always be considered. 


Thoracoplasty 

• The first thoracoplasty was performed at this institution in November, 1946. 
Since that time the procedure has been completed in 11 patients. Detailed in- 
formation concerning these patients is presented in table 1. The youngest pa- 
tient was 25 and the oldest 58 and the average age for the group was 47 years. 
Seven of the 11 patients had a trial of pneumothorax prior to thoracoplasty. 
In all 11 patients, pneumothorax was discontinued because of the presence of 
pleural adhesions unsuitable for pneumonolysis. The patients selected for 
thoracoplast3’-, with few exceptions, Avere those AA'hose psychiatric prognosis was 
fairlj’’ good or those who had been able to make a satisfactory hospital adjustment 
(i.c., open ivard). 

The operations were all performed by the local Consultant in Thoracic Sur- 
gery. The anesthesia has been of two types, local and general. The patients 
operated under local (1 per cent novocaine) received luminal 0.3 Gm., morphine 
.010 or .015 Gm. and hjmscine .0006 Gm. as a basal anesthetic. Five patients 
were operated upon under local anesthesia but only patients that were of fair 
mental competence or had marked catatonic features were selected for this t 3 T)e 
of anesthesia. All of the patients who receded only local anesthesia were 
managed Avith difficulty during the operations. 

General anesthesia was used in the remaining 6 patients, and consisted of in- 
travenous sodium pentothal, nitrous oxide and oxygen and curare, Avith endo- 
tracheal intubation. All uncooperatNe disturbed cases were done under general 
as described. 

There AA^ere two postoperative deaths in the group. The clinical course of one, 
C.H., Avas summarized above. The other, J.E.E., died on the third postoperative 
daj''. Postmortem examination revealed thrombosis of the superior sagital 
sinus and its main tributaries, Arith multiple hemorrhagic infarcts of the brain. 

Although sufficient time has not elapsed for final disposition of the 9 surviAung 
patients, 3 are being considered for trial visit, 4 are to be transferred to a Avard 
alloAving them to lead a more normal life, one has been recommended for pre- 
frontal leukotom 3 '^, and the psychiatric status of one patient is such that con- 
tinued close superAusion AAiU be necessary. 

Pneumothorax 

As previousl 3 ' noted, some physicians have been extremely pessimistic in 
regard to the use of pneumothorax in ps 3 ’’chotic patients. Thirty-three of the 
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patients in the present series have been given a trial of pneumothorax without 
undue difficulty. No sedative therapy was considered to have been necessarj’^ 
in these patients. It is recognized, however, that in some patients sedative 
therapy would be indicated. It is believed that pneumothorax cannot be given 
to certain patients, such as the extreme paranoid or agitated manic patient, but 
these will be the exception rather than the general mle. Moreover, if collapse 
therapj-- is indicated in such a patient, the possibility of performing prefrontal 
leukotomy or electric shock treatment before the collapse therapy should bo 
considered in order to give better cooperation. 

Summarization of table 2 indicates the following. An attempt was made to 
establislr thirty-seven pneumothoraces. Five pneuniothoraces were success- 
fully instituted without pneumonolysis and eleven were successfullj^ instituted 
with the aid of intrapleural pneumonol3'’sis. Two bilateral pneumothoraces 
were started and maintained. Twenty-one pneumothoraces were unsuccessful 
because of adhesions that prevented therapeutic collapse and were not amenable 
to intrapleural pneumonolysis. There have been no complications in the group 
which did not require pneumonol3'sis. Only one complication was encountered 
in the unsuccessful group. Six complications occurred in the group requiring 
intrapleural pneumonolysis: adliesive pleuritis, 1; pleural effusion, 3; spread of 
disease, 1; and traumatic pneumothorax with massive collapse and death, 1. 
Four of the patients in this group of 33 have died. The death of onl3’- one was 
related to pneumothorax therap3\ 

It is recognized that these results are not as favorable as some published 
series; nevertheless, the failure to achieve better results carmot be attributed 
to the patients’ psychoses. The failure to achieve better results is principally 
a consequence of the long duration of disease prior to the attempts at collapse 
therap3\ 

The patients’ ps3'choses have not constituted a serious problem in manage- 
ment even in regard to intrapleural pncumonol3’sis. This surgical procedure 
can be successfully performed, even in the agitated patient, b3’’ use of general 
anesthesia with sodium pentothal. Cooperation during the postoperative period 
can be obtained b3^ means of sedation and special nursing care. The “special” 
nurse is a factor of great importance in the postoperative course of 0113’- ps3'chotic 
patient. Constant obseiwation, untiring patience, persuasive charm, and 
knowledge of the importance of the compliance with postoperative orders arc 
requisite in cver3' “special” nurse. 

It is the opinion of some that pneumothorax is not a worthwiiilc procedure in 
older age groups. Attention should be drawn to the fact that it was possible to 
institute pneumothorax successful^'’ in 12 patients 45 3-cars of age or older. 
From this limited experience it is believed that collapse can be aucccssfull3- in- 
stituted in older age groups far more often than is generall3’’ realized. It is im- 
possible to predict success or failure accurate^’ and the attempt at collapse 
thcrap3’ should be made if the patient is considered a suitable c.andidate for 
pneumothorax. 

One fin.al fact can be demonstrated b3'’ anal3-sis of this group. Seventeen of 
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the 33 patients contracted pulinonar 3 ’- tuberculosis after entering this hospital. 
This demonstrates the strildng need for better control of tuberculosis in mental 
hospitals. 


Other Collapse Measures 

Phrenico-exeresis and pneumoperitoneum have also been found applicable in 
psj’-chotic patients. The former procedure has been performed in 5 patients. 
Phrenico-exeresis has been reserved for situations in which it is desired to give 
the diseased lung additional protection against reactivation or extension of dis- 
ease. The results have been equivocal. 

Pneumoperitoneum has been instituted in two patients without difficulty. 
The concept has been followed that this form of therapy is indicated in patients 
with bilateral disease whose lesions are predominantly exudative in character. 
Pneumoperitoneum maj’' also be used in certain selected patients who would be 
candidates for major chest surgeiy except for their psychiatric status. The fol- 
lowing case history is cited to demonstrate such a patient. 

J. A.S., age S3, was admitted to this hospital September 4, 193S. A diagnosis of psycho- 
sis, syphilitic meningo-encephalitic type, was made on admission. The syphilologist 
believed that no further antisyphilitic therapy was indicated. The patient showed marked 
mental regression and deterioration. He was unable to carry on a normal conversation and 
his psychiatric prognosis seemed hopeless. First evidence of pulmonary tuberculosis was 
discovered on routine roentgenogram of the chest in November, 1945. At that time an 
area of pulmonary infiltration was observed in the right apex and first interspace. Since 
1945 there has been a moderate increase in the extent of the lesion but no spread to the 
contralateral lung. Gastric lavages have been positive for the presence of acid-fast bacilli. 
Bight pneumothorax was initiated in March, 1947. Collapse was inadequate because of 
multiple adhesions which did not appear to be amenable to pneumonolysis. Therefore, 
pneumothorax was discontinued. The patient’s psychiatric condition was so bad and his 
physical condition was so poor that thoracoplasty was thought to be contraindicated. He 
was tube-fed from July, 1947 through October, 1947 and his general physical condition 
improved. Pneumoperitoneum was begun in September, 1947. Recent roentgenographic 
examination of the chest revealed definite decrease in the extent of the infiltration in the 
lung, Phrenico-e.xeresis on the right is being considered at the present time to increase the 
elevation of the right diaphragm. 


SUMMARY 

The purpose of this paper has been to show that problems in the management 
of psj'chotic patients with pulmonary tuberculosis are not insurmountable. The 
fact that an appreciable number of psychotics make at least a partial recovery 
and return to their families and home co mmuni ties and the problem of control 
of the disease in the institution make a more active approach desirable. 

Conclusions based on experience with over 100 psychotic patients with tuber- 
culosis are reported. Routine roentgenographic survey of the patient popula- 
tion has been proved to be the best method of detection of cases. General 
management of these patients has been discussed in detail with special emphasis 
on the problems of rest, nutrition, and collapse therap 3 ^ All forms of collapse 
therap}’- can be successful!}' carried out in selected psychotic patients. In 
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Schizophrenic reaction, hebephrenic 
type. Delusional and excitable. 

Schizophrenic reaction, hebephrenic 
type. Deteriorated, hyperactive. 

Schizophrenic reaction, hebephrenic 
type. Deteriorated, hyperactive, re- 
gressed. 

Schizophrenic reaction, hebephrenic 
type. Deteriorated, manneristic, re- 
gressed. 

Psyehosis, syphilis, meningo-encepha- 
litic type. Seclusive, paranoid, resis- 
tive to therapy. 

Schizophrenic reaction, catatonic type. 
Seclusive, mute, occasionally agitated, 
a feeding problem. 

Schizophrenic reaction, hebephrenic 
type. Chronically disturbed and hy- 
peractive, requiring sedation and occa- 
sional restraint. 

None 

Spread to right lung 
necessitating right 
pneumothorax. 

Pleural effusion. 

Patient expired follow- 
ing traumatic pneu- 
mothorax with mas- 
sive collapse in pres- 
ence of bilateral 
pneumothorax. 

None 

Tension pneumothorax 
with bronchopleural 
fistula and develop- 
ment of empyema. 

None 
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general, however, major thoracic surgery should be reserved for those patients 
with a favorable prognosis for remission of their psychoses or the ones who have 
made a satisfactory adjustment under maximum privileges and minimum super- 
vision. Shock therapy and prefrontal leukotomy in an effort to improve the 
mental status are applicable in certain selected cases of psychotic tuberculous 
patients. 


SUMARIO 

La Asislencia dc la Tuberculosis en hs Psicoticos 

Tiene por propdsito este trabajo demostrar que no son insuperables los proble- 
mas planteados por los psicdticos que padecen de tuberculosis pulmonar. El 
hecho de que una proporcidn apreciable de los psicdticos se reponen por lo menos 
parcialmente y regresan a sus hogares y colectividades y el problema creado por 
la lucha contra la enfermedad en una institucion indican la conveniencia de un 
ataque mds active. 

Las conclusiones presentadas bdsanse en las observaciones realizadas en mds 
de 100 psiedpatas con tuberculosis. Las encuestas radiograficas sistematicas 
de los enfermos del establecimiento ha resultado ser el mdtodo mejor para el 
descubrimiento de casos. Discutese a fondo la asistencia general de esos sujetos, 
recalcando en particular los temas del descanso, la nutricidn y la colapsoterapia. 
En los psicdticos seleccionados pueden ejecutarse con dxito todas las formas de 
la colapsoterapia; pero, en general, debe reservarse la cirugia tordcica mayor 
para aquellos en los que el prondstico para la remisidn de la psicosis es favorable 
0 que han logrado un ajuste satisfactoria con un maximo de libertad y un minimo 
de vigilancia. En ciertos tuberculos psicdticos bien escogidos tienen su aplica- 
cidn el choc terapdutico y la leucotomia prefrontal con mira a mejorar el estado 
mental. 
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ON FULMINANT TUBERCULOUS SEPTICEMIA WITH LEUKOPENIA 


WALTJCI? PAGEL and A. L. WOOLF' 

INTRODUCTION 

The term, fulminant tuberculous septicemia, is used to describe a rapid 
process of generalised tuberculosis which either fails to cause an.y grossl}’' de- 
tectable lesions or produces multiple necrotic areas which do not resemble the 
classical structure of tuberculous foci, but arc replete with tubercle bacilli. 
Only 11 such cases have been described in the literature and most of them 
showed evidence of primary abdominal infection associated with a characteristic 
leukopenia (1). The diagnosis of tuberculous sejiticcmia in all of these cases is 
made from the fulminant clinical picture often resembling typhoid fever, in 
concert with the analon^ical changes, rather than by the demonstration of 
tubercle bacilli in the. circulating blood. The latter is still subject to technical 
difliculties and a positive result ma.v be obtained in the terminal stages of pul- 
monary phthisis, without the presence of fulminating tuberculous septicemia. 

In this hospital, 2 cases of fulminant tuberculous septicemia have been ob- 
served. One of these cases presented evidence of primary abdominal infection 
and belonged to the second category, i.c., producing grosslj^ detectable necrotic 
foci (1). The second case, to be reported below, is of special interest in that it 
originated in a straightforward primaiy pulmonary infection and belonged to 
the first categoiy of cases without macroscopic lesions. 


CASE REPORT 

Clinical illness; The patient was a 5G year old man who had felt well until one month 
before admission, at which time he had fainted and fallen in the street. Improvement was 
slow and anoie.xia, disinterest, increasing deafness, and rash on face, arms and legs per- 
sisted. Five days before admission the patient was noted to have twitching of face. 

Physical e.xamination on admission to the hospital revealed a temperature of 101°F., 
a respiratoiy late of 40 per minute and diffuse coai-sc rhonci over both chests. The total 
Icukocjde count was 2,050 per cu. mm., of which 46 per cent were neutrophils. A chest 
roentgenogram revealed the shadows of a jiatchy consolidation and partial collapse of 
the right lower lobe. The clinical diagnosis was agranulocjdosis and auricular flutter. 
The ]3ossibility that the patient also had psittacosis was considered. 

The course of the illness was one of progi-essive physical and mental deterioration. The 
auricular flutter was converted to auricular fibrillation noth a rapid ventricular rate. 
Crepitations were detected at the lung bases. The total leukocjde count fell to 250 per 
cu. mm, and the blood urea nitrogen was 73 mg. per 100 cc. The lungs became increasingly 
congested and slight anomalous ocular signs with inequality of pupils appeared just before 
death. The cell count of the cerebrospinal fluid increased from one to 156 per cu. mm. 
The patient died eight daj's after admission to the hospital. 

Postmortem findings: Both lower lobes of the lungs were consolidated and hemorrhagic, 
with the process being more pronounced on the right. The other lobes were congested. 

' From the Central Middlesex County Hospital, London, N. W. 10, England. 
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generalised tulierculosis whicli was discovered when they were killed fortA'-two days later. 
A rabbit inoculated with 0.001 mg. culture intravenouslj' is still alive live months after 
infection. 

It was concluded that a hwnan strain of il/. tuberculosis was responsible. 

Careful postmortem roentgenography failed to reveal any trace of calcification in the 
lungs. 

Hislopalhologic findings: Microscopic examination of the lungs revealed a diffuse 
hemorrhagic bronchopneumonia with much inflammatory edema but few cells. The 
latter were chiefly present in the alveolar phagocjrtes, some of which were filled with cocci. 
Polymorphonuclear leukocjrtcs were scarce. The hemorrhages were chiefly insiblc in 
the periphery of the exudative lesions. Perivascular mononuclear cell infiltration and 
invasion of the intima of medium sized arteries were both iiresent. Examination of other 
pneumonic areas revealed fibrinoid necrosis with central collections of cocci and periiiheral 
hemorrhage. There were thickening and edema of arteriolar walls with mononuclear cell 
infiltration of the periphery of the adventitia. No acid-fast bacilli were demonstrable in 
aiiprojiriatclj' stained sections of the hemorrhagic lesions. 

Examination of the subpleural wedgc-shaiied caseous area revealed confluent caseous 
bronchopneumonia which was ill defined and showed veiy little, if any, evidence of en- 
capsulation. The lesion was surrounded by a few hmiphocytes distributed in the im- 
mediately adjacent atelectatic aveoli. The process ajipcarcd to be rapid and destructive 
as evidenced by fragments of bronchial cartilage and traces of vascular walls which could 
be seen in the peripheral part of the caseous arcji. Not more than two giant cells were 
found per section in the iioriphery of the focus and no classical tubercles were obseiwed. 
The caseous area contained many acid-fast bacilli. Shadowy outlines of the elastic 
fibers of the alveolar septa were still visible but were cntiiely dcstroyc<l in those areas 
where there was beginning liquefaction. This change occurred in small patches and 
caused the usually innk caseous ground substance to assume a bluish tint presumably as a 
result of loss of the fibrinoid component. 

The bifurcation Ijanph node contained confluent ill defined ]iatches of fibrinoid necrosis 
which consisted chiefly of round chromatin fragments. 

The sternal marrow contained many cells, many acid-fast bacilli. No polymor- 
phonuclear leukocytes were seen but many “plasma cells” were present. The marrow 
also contained fair numbers of immature red cells, an occasional eosinophile and other 
immature leukocytes and some megakaryocytes. In addition, there were a fair number of 
ill defined areas of fibrinoid necrosis containing many acid-fast bacilli (figure .">). These 
areas were surrounded by active bone marrow as described above and revealed no evidence 
that any attem])! had been made to form zones of cellular demarcation (figurc 0). 

A very few small Malpighian corpuscles were visible in the spleen and the grossly 
hyiieremic piilj) dominated the incturc. The jHilp was moderately cellular and contained 
numerous reticulo-endothelial cells, especially in the .rtnuscs. .''ome of these cells were 
full of hemosiderin (erythmphagia). In addition, scattered in the pvdp, weiv small 
areas of fibrinoid necrosis with a moderate number of chromatin fragments, mostly nmnd 
and rod shaperl. These areas are ill define<l, devoid of any attemid at demarcation and 
abouml with acid-fast bacilli (figurc S). Finally, some vascular changes wen; noti'I, 
which consisted of a fibrinoid necrosis of the intima of the la!g(>r veins. These lesions 
contained numerous acid-fast bacilli (figure 7). The vascular changi's wc.-e jiarticiil.atlv 
piominent in and around the large, jiartly licnnrrrhagic, sjdenic infarct. 

No acid-fast bacilli were discoveri'il in the splenic tis-ue out--ide the small ms'rotic foei. 

Multiple jH-riivutal as well as ijitralobular aivais of tibinoid necrosis wese pre-ent in the 
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liver. In the intralobular lesions proliferation of the KuplTcr cells was prominent and 
many tubercle bacilli could be seen in the necrotic areas. There was an area of cortical 
necrosis in the kidney and the artery leading to the area was blocked by a thrombus. 
There were small areas of necrosis in the suprarenal cortex which contained moderate 
numbers of tubercle bacilli. 


COMMENT 

The wedge-shaped fresh caseous area in the lung, together with the wholesale 
necrosis of the bifurcation lymph nodc.s, constitute a primary complex, probabty 
of short duration. Careful postmortem roentgenography of the lungs failed to 
show any trace of a preceding (now calcified) primary infection. It is therefore 
reasonable to conclude that the fresh lesion is of a primary nature in spite of the 
advanced age of the patient . 

The process in this primary complex must have Iaccu rapid in view of the 
presence of “direct, necrosis” rather than “caseation”. The rapid nature of the 
necrosis is indicated by the predominance of round chromatin fragments, which 
originate from disintegrating lymphocytes and not from epithelioid cells, which 
leave long and bizarre nuclear remnants. The abundance of tubercle bacilli 
also points to a rapid procc.ss of tis.sue destruction. 

Dissemination of tubercle bacilli, with resultant necroses, must have occurred 
from this primary lesion and corresponded to the five weeks of febrile illness. 
In spite of the microscopic areas of neci-osis in the majority of organs, hardly 
an}' gross changes were visible. This is in contrast with the case previously 
reported from this hospital (1) and with the majority of cases recorded in the 
literature. Of the latter, only in the case reported by Scholz (2) were 
macroscopic changes not detectable. 

The minimal gross changes in the present case included infarcts in the kidney 
and spleen. The former resulted from a nontuberculous arterial plug and the 
latter from t.ubevculous cndophlebitis of one of the larger veins, the intima of 
which contained tubercle bacilli. A previous case reported b}"^ Pagel (3) was 
similar in that a large renal infarct and subserous petechiae were the onb’ 
macroscopic findings. 

Like the case previously reported from this service (1), the present case was 
characterised by a marked leukopenia attributable to the scarcity of leukocyte 
precursors in the marrow, and their replacement by plasma cells. Marked 
leukopenia (between 400 and 1,700 leukocytes per cu. mm.) has been described 
before, as a feature characteristic of tuberculous septicemia (2, 4, 5) . In other 
cases, however, the total leukocyte count has been normal (6, 7, 8) or different 
blood changes were found, notably polimytheraia (9), or acute mj’'eloplastic 
leukemia with leukopenia (10). The case reported b}’^ Lenhartz (11) was one 
of a rapid miliaiy spread of onlj’- four weeks’ clinical duration ndth the picture of 
acute myeloplastic leukemia. The similar observation by Crail (12), however, 
Avas chacterized by the long clinical course (about nine months) and splenec- 
tom}"^ was performed. 

The pulmonary portal of entry is consistent with a human tubercle bacillus 
infection, though it should be recalled that human bacilli have been recorded in 
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Report of a Case 
DAVID D. FELD* 

INI'RODUCTIOX 

• i rppovdccl bv iiumcrous observers, 

Toxic reactions to streptomycin ui cleieterious effects upon the 

b„,. V.n- mac .cfcvecco 1.CS '-n jo an, b, 

hematopoietic sjsiem. " " | „,isccllaiicoiis observations. 

Farrington and ns f . ' in tivo subjects in conjunction 

“Leukopenia without glanuloc^ 1 | In another subject, leu- 

witb the appearance of a drug sen. ‘ ^ the second month of 

hoepnia (2,000 to 3,000 cells approximately sixty 

therapy. A relative doubtful that this reaction ivas 

days but eventually disappeaied. 5 ^ j:„lo<Tist who apparently always had 

on a to* basis because the patie j Lute hematogenous 

a low total leucocyte count and he \%as also suncu t, 

tuberculosis. onrl nhemistrv on the effects of 

In a report (2) to the Council on Phar c 3 'collected from the 

streptomycin on tuberculosis 111 man o^c 00 considered and eight 

Veterans Administration, the Aimj , - ^ „„,,pr,i.ed during treatment. Five 

instances (.98 per cent) of blood .^Jj^crasia . pi , j^g^^^i-openia. There were 
of these consisted of a relatively mild leukop c ^ j^gfiidtely due to strepto- 
three instances, however, of agranulocytosis w \ j ^ miliary tuberculosis, 

myem. AUbough one of Umso 3 patmuts bad ^ 
cessation of streptomycin was followed bj a rerui 

function despite progression of the • ^nentioned in these reports 

The instances of leukopenia and granulocj topen c advisable to 

have not been presented in detail. According 3 , ^ ^ occurred, 

report the following case in which leukopenia and agiamUoc3 
apparently as a complication of streptomycin theiap3 . 

CASE REPORT 

. to ATuirdale Sanatorium on 

ISI. W., a 42 year old white male steelworker, was adn 

the evening of February 27, 1947. Wpr as a child. He was told 

His past history revealed that he had had rheuma ^ nmrmiir as long as 

that he had rheumatic heart disease, and ‘ ^ imbibed alcohol freely 

I can remember.” For the six 5 Tars pnoi o Milwaukee County General 

and on December 10, 1946, he had been a m time was reported 

Hospital for acute alcoholism. A routine dies 1 ° , “ .jth a diagnosis of alcoholic 

as bdug nonual. He ,vas «„*» d^s 1 » jb a 

psychosis. He returned to work and immediatel3 Ho 

A r*i t Pniiutv Tuberculosis Sanatorium, JMll^^ aukee, 

1 From ^luirdale Sanatorium, ^^Iihvaukee County iuo 

Wisconsin, and Marquette School of Aledicine, Milwaukee, 
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TABLE 1 


DATE 

Streptomycin 

started 

2-27*47 

HEMO- 

GLOBIN 

PER 

CENT 

COLOR 

INDEX 

RBC 

mil- 

lions/ 

CU.MM. 

tVBC PER 
CU.Mit. 

(e 

t/> 

1 a 

: U 
' O 
a 
. H 

1 

U 

; ^ 

Dll 

iXPRI 

1 

1 o 

: U 
; H 

§ 

1 S 

: O 

■S 

TERI 

:ssEi 

i 

i 

1 

a 

M 1 

:ntia 
> IN 1 

^ j 

> 

u 

o 

a 

> 

.L \Vl 
'ER C 

Ui 

a 

H 

U 

c 

IC 

:ent) 

(A 

a 

o 

5 

u 

yj 

I-] 

S 

0 

(A 

< 

a 

PLATELETS 

TIIOUSANDS/CU.MM. 

N.P.N. y PER CENT 

REMARKS 

3- W7 

71 

.9 

3.93 

10,000 

71 

67 

4 

20 

8 

1 




500 cc. citrated 

3- 6-47 

65 

.93 

3.56 

7,050 

77 

69 

8 

16 

4 

1 

2 


29.5 

blood, IMarcb 3, 

3—1 i —4 / 

94 

.98 

4.88 

7,850 


55 

2 

22 

15 

6 




6, 10, and 24, 

3-22-47 

81 

.92 

4.46 

3,100 

26 

23 

3 

53 

19 

0 

2 



1947 

3-24-47 



1 

2,700 

0 

; 0 

0 

65 

26 

9 




Neutrophils 















absent 

3-25-47 

St reptomy 

cili 

2,250 

1 

1 


50 

39 

9 

1 



Neutrophil 


stopped 












degenerate 

3-26-17 


! 1 


2,325 

1 


1 

55 

33 

10 

1 




3-27-47 




2,375 

1 


1 

62 


6 

2 


51.2 


3-2S-47 




2,iso! 

2 


2 

64 

28 

3 

3 




3-29^7 

87. 7 

.9 

4.80 

2,950 

3 


3 

71 

26 



230 



3-31-47 


1 


2,825 

19 

11 

8 

52 

29 






4- 1-47 




2,800 

20 

7 

13 

49 

28 

3 





4- 2-47 




3,950 

38 

19 

2 l! 

37 

22 


1 




4- 3-47 




5,300 

57 

34 

23 

28 

15 






4- 4-17 




7,350 

58 

38 

20 

29 

13 






4- 5-47 




10,450 

67 

48 

19 

20 

13 




40 


4- 7-47 

87 

.87 

5.06 

12,550 

79 

66 

13 

13 

8 






4- 9-47 




13,950 

77i 

64 

13 

14 

8 


1 




4-11-47 




17,150 

77 

61 

16 

12 

11 






4-12-47 

Streptomy 

cin 

15,950 

77i 

66 

11 

14 

9 



1 

48 



started 





i 








4-14-47 




12,250 

74 

59 

15 

15 

9 

2 , 

i 




4-17-47 

87 

.85 

5.19 

12,400 

73 

651 

81 

13 

s: 

6 



38.4 


4-30-47 




12,150 

73 

63 

10 

16 

7i 

4i 



39.5 


5- 5-47 

94 

1 

4.68 

10,900 

64 

58; 

6i 

28 

2 i 

4 

2 




5-12-47 




9,450 

66 

60 

61 

22 

10; 

2 



44 

! 





10,300 

68 

60 

si 

21 

6; 

5 



45.4 


5-2S-47 




14,900 

81 

73 

Si 

13 

3i 

3 




maxillary antrum 








1 

1 







infection 

5-31-47 




10,800 

76 

73 

3i 

16 

12 






&- 7-47 




10,500 

59 

52; 

2 

16 

15 



1 

51.9 


7- 2-47 




9,350 

55 

51 

4i 

27 

12 

6 





7-30-47 




9,250 

48 

44 

4j 

35 

15 

3 



50 


S-21-47 

94 

.85 

i 5.66 

10,650 

56 

49 

7] 

26 

15 

3 



26.6 


9- 2-47 




9,900 

61 

57 

4| 

30 







9-25-47 




10,200 

57 

52 

5 

36 

7 




31.9 


lU— 




9,100 

54 

45 


37 

6 

3 





11-27-47 

100 

1 

6.24 

9,250 

61 

50 

11 

33 


2 





12-26-47 

100 

1 

5.99 

10,200 

53 

50 

3 

36 

7' 

3 ' 

1 


39.4 


1-29-4S 

107 

.97 

5.51 

8,550 

56 

51 

5 

[ 38 

5 

ll 





3- 8-48 

113 

.97 

5.86 

9,000 

56 

5^: 

9 

t 1 

38 

i i 


' 2 ' 

1 i 
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4- 2-47 


Bone marrow biopsy — tubercle formation. 

Streptomjxin blood levels ranged from 2.5 to 5 per 100 cc. 


Total days treated— 250. 
Total drug given — 659.6 Gm. 
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Ollier (itiiitincnt consisted of; tlircc blood transfusions of oOO ee. eacli of ciliated IdoocI 
given on March (>, U), and 21, H)!7; ferrous sulpliate; and vitamin proiiarations. Two 
ec. of liver extmet. was given twice each week until April 21 , 1917, The only other drugs 
given were Seconal, 0.09 Gm. (Sodivnn-pnipyl-incthyl-oarhinyl-allyl-barbiturate) from 
February 27, 1947 to March 30, 1917, a total of 1.5 Gm., and phcnobarbital, 0.09 Gm. 
Since Marcli 1947 there has been no other medication with the excejition of an occasional 
dose of milk of magnesia. 

CUmcol course: The iiatient was vciy toxic, and uj) to the time that streptom 3 'cin 
thcrajiy was interrupted on the twent.v-fifth d.ay there had been no change in the tempera- 
ture or pulse. There had been slight clinical iminovement, however, and his appearance 
was better, his aiijictite liad improved, and there was slight roentgenological improvement 
(figure 2). 

During the sixteen day interval that the drug was withheld, the clinical condition of the 
patient grew woiac, cough and expectoration increased and appetite decreased. A 
roentgenogram, taken at this time, revealed a dcliuitc increase in the pulmonary infiltra- 
tion (figure 3). 

In view of the. iraticnt’s critical condition and the usuallj' malignant nature of this type 
of tuberculosis, it was decided to rcinstilutc streptomj-cin therapy, using the iirevious 
doKige. Moreover, bj' the end of the sixteen daj’ intciwal without chemothcrapj-, a high 
percentage of granuloc.vtes were inesent iiv the perijfiieral blood (table 1). Streptom.vcin 
was reinstituted on April 12, 1917 and was followed b.v a gradual improvement in the 
patient’s condition. On May 2S, 1947 he devcloi)cd an infection in the right antrum, 
associated with marked facial .swelling and tenderness o^•er this area. Penicillin theraiw 
was started in addition to the strci)tom\‘cin and within forty-eight hours the swelling and 
p.ain had coini)letely disappeared. It sliould bo noted that the added infection caused an 
appreciable elevation in the total leucoc.vte count with r’crj’ little change in the percentage 
of granulocj'tes. 

Improvement of the status of the tuberculosis continued, there was a weight gain of 
30 pounds and during the six months after the cessation of streptomycin he had had no 
constitutional or local sj'mptoms.= 

The drug was given for a period, perhaps well bej’ond its benefits, but at that time 
experience in the streptomycin treatment of miliary tuberculosis was limited and the 
possibilitj' of late relapse was well recognized. 

In ritro studies of the streptomj'cin resistance of the patient’s organisms could not be 
carried out as it was impossible to culture the tubercle bacilli. Obviously the infection 
was still very sensitive to the drug, however, even after twent 3 ’^-five da 3 "s of streptom 3 'cin 
treatment, as shown b 3 ’ the observed imijrovement when the drug was readmiuistered. 

Slight renal irritation, as indicated b 3 ' occasional C 3 'linduria, albuminuria and minimal 
azotemia were present, but disappeared conipleteh' after the cessation of chemotherap 3 ^ 
Ver 3 ' slight vestibular d3'sfunction was noticed for about the first three months of therapy, 
but numerous audiometric examinations revealed no abnormal findings. 

COMMENT 

Mtbough miliaiy tuberculosis is recognized as being one of the etiological 
factors in leukopenia (3), the writer has never seen a case when leukopenia has 
been this marked or has been accompanied b 3 '^ neutropenia of the extreme degree 
noted in this patient. 

- There has been no recurrence of the disease; patient remains in excellent condition. 
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drug allergy in relation to agranulocytosis states that in some patients in whom 
agranulocytosis or severe leukopenia has been attributed to sulfonamides (4a) 
or thiouracil (4b), the same drug has been subsequently tolerated without any 
reaction. 

During the past five months, frequent total leucocyte counts (not all recorded) 
have been normal. The total leucocyte count has ranged from 8,500 to 10,000 
cells per cu. mm. with normal percentages of the various cell types. 

Studies of the bone marrow, unfortunately, were not satisfactory, but examina- 
tion of a specimen obtained by bone marrow biopsy on April 2, 1947 revealed the 
presence of tubercle formation and hence confirmed the diagnosis of generalized 
miliar}'^ tuberculosis. 

Although the initial sputum examination was positive for acid-fast bacilli on 
direct examination, the organisms failed to grow on culture. Numerous cultures 
of sputum and fasting gastric contents obtained subsequentljr have all been 
negative. The virtually normal roentgenographic findings one year after ad- 
mission may be seen in figure 4. At the time of writing the patient is asympto- 
matic and fully ambulatory. 


SUMMARY 

A case of miliar}'- tuberculosis in which leukopenia and agranulocytosis ap- 
peared during streptomycin therapy is reported. The total amount of drug given 
up to the time of the agranulocytosis was 76.6 Gm. ■\iuthin a period of twenty- 
five days. At the height of the reaction no neutrophils could be detected on one 
examination of the blood and in five successive examinations the total neutrophil 
percentages were: one, one, two, and three in that order. When streptomycin 
therapy was interrupted, the patient became worse, as evidenced by an increase 
in symptoms and pulmonary infiltration, but there was a return of circulating 
neutrophils. Streptomycin therapy was re-established after an interval of 
sixteen days in the same daily dose (3.0 Gm.) as was used before the agranu- 
locytosis. No further toxicity was noted and there was gradual clinical im- 
provement. The patient has been completely asymptomatic for six months 
following the cessation of therap 5 ^ 

It is believed that the marked neutropenia represented a toxic reaction to 
streptomycin (presumably allergic in nature) and was not merely a consequence 
of the generalized hematogenous tuberculosis. 

SUMrVRIO 

Caso de Gramdia con Lencopcnia y Agramdocilosis 

1. El caso comunicado es de un enfermo con granulia que manifestd leucopenia 
y agranulocitosis durante una reaccidn de hipersensibilidad a la estreptomicina. 

2. La dosis total de estreptomicina para la fecha en que aparecid la agranu- 
locitosis era de 76.6 Gm., administrados durante un perlodo de 25 dias. 

3. A1 intcrrumpirse la estreptomicinoterapia, la agranulocitosis desaparecio. 
pero la tuberculosis avanzo, segiin demostraron el aumento de los sfntomas y la 
extensidn de las infiltraciones pulmonares. 





A DIRECT METHOD OF STANDARDIZING DILUTE SUSPENSIONS OF 
TUBERCLE BACILLI BY USE OF A CAPILLARY MICROPIPETTE* 

WILLIM'I D. CRANDALL 

INTRODUCTION 

The precision of methods used in standardizing bacterial suspensions lias been 
limited by the difficulty of resolving Uvo chief sources of error; (a) the irregular 
dispersion of bacteria in fluids or in direct smear preparations; (b) the variability 
involved in computing densities of the order of fifty thousand to one billion 
organisms per cc. on the basis of small numbers of organisms visualized in small 
fractions of a limited number of small aliquots of the suspension, i.e., the “Mi- 
croscope Factor” of Frost (1). 

The following investigation was undertaken in an effort to point out the 
limitations of the present methods and to devise a method permitting more 
precise standardization of dilute bacterial suspensions (those containing less 
than fifty million cells per cc.) by reducing the above mentioned sources of error. 

Bacterial suspensions are widely used as vaccines, in serologic reactions, and 
in the investigation of the properties of bacteria as regards growth, electrical 
potentials, et cetera. Although in practice concentrations of bacteria are 
measured indirectly by reference to dry or moist weight (2), volume of centri- 
fuged organisms (3), opacity (4 to 8), or density (9, 10), these methods in turn 
must be standardized bj'’ direct methods. 

The chief direct methods ai’e: colony counts of dilution plating, chamber 
counts, and counts of bacteria in stained smear preparations. Colony counts 
refer to viable cells. The minimal coefficient of variation of the dilution plating 
method has been postulated to be ±6.6 per cent (11). The main sources of error 
are well known (1, 12, 13). The wide range of variation in colony counts by 
plating methods in the case of the tubercle bacillus has been demonstrated by 
many investigators (6, 14 to 18). 

Chamber counts to determine the concentration of tubercle bacilli were intro- 
duced in 1891 (19). Notable improvements in this method have been the use 
of a counting chamber with a well depth of 0.02 mm. by Mallory and Wright 

(20) , the use of bacterial stains (20), the application of darkfield illumination 

(21) , and finally the use of a chamber with a well depth of 0.01 mm. (22). Al- 
though Blumenberg (23) claimed an error of 1.2 per cent of the average count 
with a suspension of approximately 232 million organisms per cc., the error of 
this method has been considered to be between 5 and 10 per cent of the average 
count with suspensions of more than 50 million cells per cc. (7, 12, 20, 22), 
(table 1). 

With suspensions of less than 50 million cells per cc. the error has been found 
to be about 50 per cent of the average count (12). This large degree of error is 
understandable in view of the fact that one optical field with the 0.02 mm. depth 

’ From the Department of Medicine, University of Chicago, Chicago, Illinois. 
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OBSERVATIONS 

In order to determine the variability of aliquots from consecutive 5 mm. 
segments of the pipette as compared to the variability of aliquots delivered from 
the same segment of the pipette, a suspension of tubercle bacilli -with a computed 
density of about 593,000 cells per cc. was used. Twelve aliquots of 0.23 cu. 
mm. size were delivered from consecutive segments of the pipette and twelve 
from the same segment of the pipette. It was noted that the former method 
was much more easily and rapidly accomplished than the latter. The droplets 
were delivered onto serum spread slides, air dried, heat fixed, and Ziehl-Neelsen 
stained. The variability of the counts is shovm in table 2. 

In order to determine the variability of aliquots of 0.23 cu. mm. size as com- 
pared with aliquots of 0.46 cu. mm. size, a suspension of tubercle bacilli with a 

TABLE 2 


Influence of mode of dclivcnj, size of aliguol and error of counting on the variation of counts 


EXPEmCEKT 

DENSITY OP 
SUSPENSION 
IN CELLS/CC. 

NUireta OP 
SAUPLES 

MEAN 

COUNT 

STANDARD 
DEmXION 
OF UEAN (d:) 

COEPFICIENT 
OF VARIATION 

1. Consecutive segments 

593,000 

12 

136.6 

15.8 

fcr ceni 

11.6 

Single segment 

593,000 

12 

149.5 

21.5 

14.4 

2. 0.23 mm.’ aliquots 

744,000 

10 

170.7 

27.13 

15.9 

0.4G mm.’ aliquots 

744,000 

10 ! 

357.5 

20.50 

5.7 

3. Duplicate counting: 

(a) Pneumococcus vaccine: 


1 




First count 

550,000 

20 

125.0 

14.98 

11.98 

Second count 

550,000 

20 

12S.4 

13.57 

10.57 

Error in counting = ±6.94 (5.48 per cent of the mean of the 40 counts) 

(b) Tubercle bacilli: 






First count 

640,000 

20 

148.0 

20.03 

13.5 

Second count 

640,000 

20 

146.5 

20.05 

13.7 

Error in counting = ±5.47 (3.71 per cent of the mean of the 40 counts) 


computed density of about 744,000 cells per cc. was used. Ten aliquots of 0.23 
cu. mm. and ten aliquots of 0.46 cu. mm. size were studied. The larger aliquots 
showed a much smaller variability, as shoam in table 2. 

The error of counting was determined by the following procedures. Thirty- 
seven 0.23 cu. mm. aliquots of a pneumococcus vaccine, diluted 4,800 times in 
saline containing 0.15 per cent formalin, were delivered, air di’ied, gram stained 
and counted. The results showed a mean count of 126.5 organisms per aliquot 
with a standard deviation of ±15.16, i.e., a coeflBcient of variation of 12 per 
cent. The density was computed to be about 550,000 cells per cc. in the diluted 
vaccine. Twenty of these aliquots were counted twice and the error of counting 
was determined as the square root of the sum of the squares of the differences 
between the duplicate counts divided by twice the number of pairs, i.e., ±6.94 
or 5.48 per cent of the mean of the forty counts (table 2). 

Twenty 0.23 cu. mm. aliquots of a suspension of tubercle bacilli with a com- 
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puled density ot about 610,000 ceils per cc. were studied in like manner. The 
error in counting, estimatccl by the same procedure, was ±5.47 or 3.71 per cent 
of the mean of the forty counts (table 2). 

A study was made of the range of variability as related to the density of the 
clump-free suspensions of tubercle bacilli in dilute formalin (0.08 to 0.2 per cent 
in distilled water). These counts were made on aliquots of 0.23 cu. mm. size 
and the densities were computed on the basis of tlie counts. As may be seen 
in table 3, very dilute suspensions with 75,000 tubercle bacilli per cc. or less 
showed a great variability in the bacterial content of tlie 0.23 cu. mm. aliquots. 
With suspensions containing from 350,000 to 850,000 tubercle bacilli per cc., 
the variability of the bacterial content was much less. In this range of density 
the maximum coefficient of variation of 15.9 per cent is much less than the 50 
per cent error reported to be present with counting chamber determinations of 
suspensions containing less than 50 million cells per cc. Moreover, the range 
of the coeflicient of variation from S to 16 per cent compares favorably with that 


TABLE 3 

Variation in counts as related to the density of the cell suspensions 


Drssrrs or sosrrKstoss ts oxls/cc. 

Kinniis or 0.23 
UU.‘ SAimES 

1 1 

UEAK Ko. anxs rre 
0^3 im.* 

IsTAKBASD DcmHON 
or MEAN (±) 

coErriaEN*T of 
VARIATION 

14,000 to 40,000 

1 

! 12 

6.25 

2.93 

per cent 

40.9 

34,000 to 75,000 

10 

12.45 

4.68 

37.6 

374,000 to 435,000 

12 

93.00 

6.99 

7.53 

362,000 to 477,000 

12 

95.75 

12.5 1 

13.05 

520,000 to 661,000 ! 

12 

136.6 

15.84 

11.6 

548,000 to 730,000 

20 

148. 0 

20.03 

13.5 

626,000 to 801,000 

10 

1 

170.7 

27.13 

15.9 


found in Breed-smear counts of suspensions with from one to four million cells 
per cc. 


SUMMARY 

1. The principal direct methods of standardizing bacterial suspensions have 
been briefly discussed in regard to their limitations and degrees of precision. 

2. A modification of the Linderstrom-Lang pipette has been described together 
with details of its operation and a method of using it to make small smear prepa- 
rations of bacterial suspensions. 

3. Experiments with a capillary micropipette having a uniform bore through- 
out its working length of 6 cm. indicate that delivery of twelve aliquots through 
successive 5 mm. segments can be accomplished with much greater speed than 
can be obtained by refilling the pipette to the same place and delivering from 
the same 5 mm. segment each time. Moreover, this method of consecutive 
deliveries did not increase the variability of the bacterial counts on these ali- 
quots. 
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4. By counting all the bacteria in a stained droplet smear of the bacterial 
suspension, the errors involved in counting limited numbers of fields in stained 
smears with irregularly distributed organisms are avoided. Total counts of 
the organisms in a smear of a 0.23 cu. mm. aliquot require fifteen to twenty 
minutes with the optical system used. A microscopic factor of onlj'- 4,348 is 
used to convert the count to organisms per cc. of the suspension. K aliquots of 

0.46 cu. mm. are used, thirty to forty-five minutes are required for counting, 
but the microscopic factor is reduced to 2,174. By counting ten of the 0.23 cu. 
mm. aliquots, with three and one half hours counting time, the factor may be 
reduced to 435. 

5. The error of counting the organisms in a 0.23 cu. mm. aliquot was found to 
be 5.48 per cent of the mean count with smears containing about 130 pneumo- 
cocci each; and 3.71 per cent with smears containing about 150 tubercle bacilli 
each. 

6. Preliminary e.xperiments with this method indicate that the coefficient of 
variation of counts of suspensions of tubercle bacilli containing between 350,000 
and 850,000 organisms per cc. is less (8 to 16 per cent) than with suspensions 
containing 75,000 or less organisms per cc. (38 to 47 per cent). Moreover, the 
coefficient of variation of these counts is less when aliquots of 0.46 cu. mm. are 
used (5.7 per cent) than when aliquots of 0.23 cu. mm. are used (15.9 percent). 

CONCLUSIONS 

The direct microscopic counting of organisms in droplet-size stained smears of 
knonm small volumes of suspensions delivered by means of a capillarj’^ micro- 
pipette is presented as a method of standardizing dilute suspensions of bacteria. 

The method may be compared favorably with e.\isting methods as to sim- 
plicity, inexpensiveness, speed and precision. 

Preliminary studies indicate that this method may be used to standardize 
dilute suspensions of bacteria with a precision at least equal to that of the 
Breed-smear technique and greater than that of the chamber-counting methods. 

SUMARIO 

Ticnica Directa -para Esiandardizar por medio de una Micropipeta Capilar las 
Svspensiones Diluidas de Bacilos Tubercidosos 

1. Analizanse sucintamente, con respecto a sus limitaciones y precisidn, las 
principales t4cnicas directas para normalizar las suspensiones bacterianas. 

2. Describese una modificacidn de la pipeta de Linderstrom-Lang, junto con 
pormenores relatives a su empleo y un mfitodo para usarla en la preparacidn de 
pequeilos frotes de suspensiones bacterianas. 

3. Los experimentos realizados con una micropipeta capilar de un calibre 
uniforme de 6 cm. en todo su largo efectivo indican que puede obtenei’se la en- 
trega de doce partes alicuotas a travfe de segmentos sucesivos de 5 mm. con una 
velocidad mucho mayor que la obtenible rellenando la pipeta hasta la misma 
marca y vertiendo cada vez del mismo segmento de 5 mm. Ademas, esta t^cnica 
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de entregas consecutivas no acrecentd la variabilidad de las numeraciones bac- 
terianas en dichas partes aUcuotas. 

4. Contando todas las bacterias en un frote en gotilla tenido de la suspensidn 
bacteriana, evltanse los errores derivados de la cuenta de cantidades limitadas de 
campos en fotes teuidos y en que los microbios estan distribufdos desigualmente. 
En un frote de una parte alicuota de 0.23 mm.®, la numeracidn total de los micro- 
bios consume de 15 a 20 minutos con el sistema dptico utilizado. Para convertir 
la numeracidn a gdrmenes por cc. de suspensidn, se emplea un factor microscdpico 
de no mds de 4,348. Si se usan alicuotas de 0.46 mm.®, se necesitan de 30 a 45 
minutos para la numeracidn, pero el factor microscdpico desciende a 2,174, y 
contando 10 de las alicuotas de 0.23 mm.®, con tres boras y media de numeracidn, 
puede bajar a 435. 

5. El error cometido al contar los gdrmenes en una parte alfcuota de 0.23 mm.® 
resultd ser 5.48 por ciento de la fdrmula media en los frotes que contenian unos 
130 neumococos cada uno; y 3.71 por ciento en los que contenian unos 150 bacilos 
tuberculosos cada uno; 

6. Los experimentos preliminares verificados con esta tdcnica indican que el 
coeficiente de variacidn en las numeraciones es menor (8 a 16 por ciento) en las 
suspensiones que contienen entre 350,000 y 850,000 bacilos tuberculosos por cc. 
que en las que contienen 75,000 o menos por cc. (38 a 47 por ciento). Ademas, el 
coeficiente de variacidn es menor cuando se emplean partes alicuotas de 0.46 
mm.® (5.7 por ciento) que con alicuotas de 0.23 mm.® (15.9 por ciento). 

CONCLUSIONES 

La numeracidn microscdpica directa de los gdrmenes en los frotes de tamano 
de gotillas tenidos de pequenos voldmenes de suspensiones entregadas por medio 
de una micropipeta capilar se presenta como tdcnica apropiada para estandardizar 
las suspensiones diluidas de bacterias. 

Esta tdcnica compdrase favorablemente con las tdcnicas actuales en cuanto a 
sencillez, baratura, celeridad y precisidn. 

Los estudios preliminares indican que puede utiUzarse esta tdcnica para nor- 
malizar suspensiones diluidas de bacterias con una precisidn por lo menos igual 
a la tdcnica de frotes de Breed y mayor que la de las tdcnicas bacteriomdtricas. 
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FACTORS AFFECTING THE SENSITIVITY IN VITRO 
TUBERCLE BACILLI TO STREPTOMYCINi-^-^ 

ELIZABETH H. WILLISTON AND GUY P. YOUMANS 




INTRODUCTION 

The use of streptomycin as an adjunct in the treatment of tuberculosis and 
the emergence of strains of tubercle bacilli resistant to the drug in the patient 
raise the question of adequate laboratoiy tests for the detection of these resistant 
strains. The Dubos and Davis liquid Tween albumin medium (1) has been 
reported by Wolinslty and Steenlcen (2) as an “ideal one for determining strepto- 
mycin sensitivity of virulent human or bovine tubercle bacilli.” Smith (3) has 
suggested that turbidimetric measurements in Tween albumin medium provide 
an accurate method for measuring growth of ilf . tuberculosis in the presence of 
streptomycin. Fisher (4), however, first called attention to the marked dis- 
crepancy between the sensitivity to streptomycin of tubercle bacilli tested in 
Thveen albumin medium and the sensitmty of bacilli tested in the modified 
Proskauer and Beck medium enriched with serum, introduced by Youmans (5) 
and by Youmans and Karlson (6). 

Fisher (7) found that Tween 80 alone was responsible for as much as a thou- 
sandfold increase in the inhibitory power of streptomycin for tubercle bacilli. 
Glycerol exerted a similar action but to a lesser degree. Fisher recommended 
that a test medium for streptomycin sensitivity should consist only of a liquid 
synthetic medium enriched with plasma or serum. 

In view of the importance of detecting resistance to streptomycin of M. tu- 
berculosis and the lack of unanimity as to method among workers in the field, 
the following studies were undertaken. 


MATERIALS AND METHODS 

The Tween albumin medium (1) ns used by Steenken (8) has the following composition. 


KH!P0< 1.00 Gm. 

NajHP04— 12 HsO 6.25 Gm. 

Sodium citrate — 2 HiO 1.60 Gm. 

MgSO*— 7 HjO 0.60 Gm. 

Glucose 2.00 Gm. 

Asparagin 2.00 Gm. 

Distilled HjO 1,000.00 ml. 

pH 7.00 


* From the Department of Bacteriology, Northwestern University Medical School, 
Chicago, Illinois. 

= Presented in part at the 44th Annual Meeting of the National Tuberculosis Association, 
New York, New York, June 16, 1948. _ _ 

^ This investigation T\'as supported in part by a research grant from the Division of Kc- 
search Grants and Fellowships of the National Institute of Health, U. S. Public Health 
Service. 
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These are autoclaved at 10 lbs. for 20 minutes before the addition of; 

0.2 Gm. 
0.5 Gm. 


Vegex — 
Tween 80 


The Vegex and the Tween SO are autoclaved scparatelj- in 10.0 per cent aqueous solution 
at 10 lbs. for twenty minutes, and are added aseptically to the medium. Finally, bovine 
albumin (Fraction V) is mixed with saline to form a 10 per cent solution, inactivated at 55° 
for thirty minutes, sterilized by Berkefeld filtration, and then added aseptically to the 
above medium to give a final concentration of 0.2 per cent. 

The serum-synthetic medium (6) (Modified Proskauer and Beck) is composed of the fol- 
lowing ingredients; 


Asparagin . . . . 

KII-PO, 

K:S04 

Glycerol 

Distilled HiO 


5.0 Gm. 
5.0 Gm. 
0.5 Gm. 
20.0 Gm. 
1,000.0 ml. 


The pll is adusted to 7.0 with 40 per cent sodium hydroxide and then magnesium citrate, 
1.5 Gm., is added. 

The solution is autoclaved at 15 lbs. for twenty minutes and sufficient filtered sterile 
serum (human, bovine, or horse) is added to make a final concentration of 10 per cent. 

The two media were dispensed respectively in 100 or 200 ml. volumes to fourteen flasks 
where the appropriate amounts of streptomycin were added to all but one flask. The 
streptomycin (streptomycin hydrochloride) was dissolved in 0.01 molar phosphate buffer 
pH 7.0 and so added to make a final concentration in the flasks of media of; 1,000, 500, 100, 
50, 25, 12.5, 0.25, 3.125, 1.50, 0.78, 0.39, 0.195, and 0.095 y per ml. Finally, the media were 
dispensed in 5 cc. amounts to Pyrex test tubes (20 by 150 mm.) and capped with aluminum 
caps. These tubes could bo kept in the refrigerator four or five weeks without loss of strep- 
tomycin potency. 

The bovine alubmin (Fraction V) used throughout was obtained from Armour Labora- 
tories (Lota C1403 and C17G5). 

Tween 80 (Lot 5009) w.ns obtained from the Atl.as Powder Company from a lot recom- 
mended for bacteriological use. 


OBSERVATIONS 

Comparison of Ttcccn Albumin Medium With Scrum-sifniliclic Medium 

The sensitivity lo streptomycin of the cultures of tubercle bacilli was de- 
termined bj’ inoculating equal amounts of the cultures into the thirteen strepto- 
mycin concentrations and the control. The inocula used consisted of cither 0.1 
or 0.25 mg. wet weight of either a ground suspon.sion or a seven day culture in 
I'wecn albumin medium. The same kind and amount of inoculum was employed 
in each case where comparisons were made. The tubes were incubated for 
twenty-eight days and e.vamincd at seven day intervals. The sensitivity to 
.streptomycin of the culture w;is dcfinctl as the le.a.st amount of strt'pfomycin 
which completely inhibited growth. 

Most strains of M, lulKrculosis grew .«q rapidly in both of the ab'ove mr;<ii.'i 
that readings could bo made at the end of .seven days. With .^omo cultures, 
growth appc;\rerl upon further incubation in some of the conccnlratinns of strep- 
tomycin in whicli growth had not Inxm visible earlier. 
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In table 1 ma5'- be seen the sensitivity to streptomycin of 66 recentl}’- isolated 
strains of tubercle bacilli at the end of fourteen days of incubation. A twofold 
difference in sensitivity between strains was considered to be within the limits 

TABLE 1 

A comparison of the sensitivity to streptomycin of the 66 strains of tubercle bacilli on 
scrxLm-synthetic medium and Tween albumin medium 


SENSinVlTV TO ETSEPTOlrycm APIEE roDXTEEJJ DAYS OT INCOIlAriON* 


Strain Number 

Scrum-synthetic 

Medium 

Tureen Albumin 
Medium 

Strain Number 

Serum-s^thetic 

Medium 

Tween Albumin 
Medium 

129 

>1,000 

>1,000 

ISO 

50 

12.5 

112 

>1,000 

>1,000 

191 

12.5 


175 

>1,000 

>1,000 

173 

1.56 


178 

>1,000 

50 

176 

6.25 


195 

>1,000 

6.25 

188 

6.25 

0.095 

103 

>1,000 

>1,000 

184 

3.12 

0.19 

106 

>1,000 

>1,000 

185 

3.12 

0.19 

iim 

>1,000 

100 

198 

3.12 

0.39 

197 

>1,000 

>1,000 

207 

3.12 

0.095 

200 

>1,000 

>1,000 

160 

1.56 

0.19 

201 

>1,000 

>1,000 

189 

1.56 

0.095 

202 

>1,000 

>1,000 

196 

1.56 

0.19 

203 

>1,000 

>1,000 

15 

1.56 

0.095 

205 

>1,000 

>1,000 

206 

1.56 

0.19 

208 

>1,000 

>1,000 

211 

1.56 

0.39 

210 

>1,000 

>1,000 

212 

1.56 

0.39 

177 

1,000 

500 

165 

0.78 

0.19 

192 

1,000 

25 

166 

0.78 

0.19 

193 

1,000 

25 

167 

0.78 

0.19 

95 

1,000 

25 

168 

0.78 

0.19 

23 R 

1,000 

50 

169 

0.78 

0.19 

187 

100 

3.125 

170 

0.78 

0.19 

194 

500 

25 

171 

0.78 

0.19 

58 

500 

25 

172 

0.78 

0.19 

73 

500 

12.5 

174 

0.78 

0.19 

128 

500 

25 

186 

0.78 

0.095 

24 R 

500 

12.5 

H 37 Rv 

0.78 

0.19 

69 R 

500 

25 

6 

0.78 

0.095 

lOOR 

500 

12.5 

209 

0.78 

0.095 

121 

500 

25 

107 

0.39 

0.19 

97 R 

500 

6.25 

182 

0.39 

0.19 

204 

500 

12.5 

183 

1.56 

0.19 

213 

500 

50 

190 

0.39 

0.095 


* In -y per ml . 


of error of the method. Fifty of the 66 cultures tested showed a resistance to 
streptomycin 4 to 160 times greater in the serum-synthetic medium than in the 
Tween albumin medium. Similar differences were obsen^ed after twenty-eight 
days of incubation. This discrepancy is similar to that reported by Fisher (4, 7) 
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and was attributed b}’' him to tbe enhancement of the action of streptomycin by 
Tween 80. 

Comparable streptomj'’cin sensitivities in the two media were observed for 16 
of the 66 strains. In both media, 13 of .these 16 strains had a sensitivity to 
streptomycin greater than 1,000 y per ml., the maximum amount of streptomycin 
used in the tests. If tubes had been used containing higher concentrations of 
streptomycin, it is possible that a discrepancy between the results of the strep- 
tomycin sensitivity tests with these organisms in the two media might have been 
revealed. 

Before exploring the reason for the differences observed, however, it seemed 
advisable to investigate the role played by the size and type of inoculum em- 
ployed in the tests. 

Inoculum 

The tjTie of inoculum proposed (2) for streptomycin sensitivity tests in Tween 
albumin medium is a culture of tubercle bacilli grown in this medium for two 
seven day culture generations in order to ensure a well dispersed culture. The 
inoculum is then standardized bj’' turbidimetric methods. 

The inoculum originally proposed for the serum-synthetic medium is prepared 
by mechanically grinding the growth of tubercle bacilli obtained from solid 
media (6); determining the wet weight of cells per ml. by centrifugation in a 
Hopldns vaccine tube; and finally, diluting vdth 0.01 molar phosphate buffer to 
obtain the desired concentration of cells. 

In the present study, the amount of grouiih in a seven day old culture of Tween 
albumin medium was also determined by centrifugation in Hopkins vaccine tubes. 
If this procedure indicated the presence of more tubercle bacilli than desired for 
any given test, the appropriate dilution was made with Tween albumin medium. 
If the culture had too few cells, it was incubated one or two days longer, and 
then restandardized. 

The following tests were carried out to determine the effect of the nature of 
the inoculum, using 8 strains of tubercle bacilli, and of the amount of the in- 
oculum, using 10 strains of tubercle bacilli. 

Bacterial suspensions were prepared from Herrold's (9) egg yolk agar medium 
cultures and 0.25 mg. of each was suspended in 0.2 ml. of buffer solution. The 
suspensions were then delivered to each of the thirteen tubes of serum-synthetic 
medium forming the series of streptomycin concentrations, and to the controls. 
The Tween albumin cultures were standardized, and 0.25 mg. of these cells in 
0.1 ml. Tween albumin medium was delivered to each of the thirteen tubes 
of serum-synthetic medium, and to the controls. After both sets of cultures had 
been incubated for fourteen days, the sensitivity to streptomycin obtained with 
the two types of inoculum was found to be the same. The tests were repeated 
with the same two types of inoculum, but with Tween albumin as the medium 
for the sensitivity test. In these tests also the streptomycin sensitivities were 
not affected bj'- the kind of inoculum used. It should be mentioned that diffuse 
growth was obtained in the Tween albumin medium when a suspension prepared 
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b}"- grinding was used as an inoculum as well as when suspensions obtained from 
gro\\dh in the Tween albumin medium were used as inocula. 

Therefore, whatever ingredients might be responsible for the discrepancy pre- 
viously observ’-ed between the streptomycin sensitivities in the two media, they 
do not occur in sufficient amount in the menstrua used for the inocula to affect 
the results. 

One of the VTiters has prewously reported (5) that within certain limits the 
size of the inoculum does not alter significantly the streptomycin sensitivity of 
the H37Rv strain in serum-synthetic medium. Further experiments on the 
effect of the size of inoculum were carried out as follows. 

The inoculum was prepared from organisms grown in Tween albumin medium 
and separate tests were conducted with each of the 10 strains, using 0.25 mg., 
0.1 mg. and 0.01 mg. of tubercle bacilli as inocula. Tween albumin and serum- 
S3mthetic media were inoculated. 

With all strains, both the 0.25 mg. and 0.1 mg. inocula gave the same results 
in serum-synthetic medium. The results in Tween albumin medium using the 
above inocula were similar to each other although, as previous!}’’ noted, they 
differed from those in serum-synthetic medium. 

With an inoculum of 0.01 mg., however, the sensitivity to streptomycin of the 
cultures of tubercle bacilli was greater at fourteen days than ■with either the 0.25 
mg. or the 0.1 mg. inoculum. After twenty-eight days of incubation, however, 
the streptomycin sensitivities were the same regardless of the size of the inoculum. 
This was true in both serum-synthetic and Tween albumin medium, except for 
a few strains which had a sensitiWty to streptomycin greater than 1,000 y per 
ml. These grew well in seven days in all tubes regardless of the size 
of the inoculum. 

Within the limits set by the above experiments, the size or nature of the in- 
oculum did not affect the sensitivity of tubercle bacilli to streptomycin. 

Factors Responsible for the Discrepancy between Sensitivity of Tubercle Bacilli 
to Streptomycin in Tween Albumin and Serum-synthetic Media 

Fisher (7) has reported that the discrepancy observed between the results of 
streptomycin sensitivity tests when carried out in Tween albumin medium and 
in serum-synthetic medium results primarily from the fact that Tween 80 
increases the bacteriostatic effect of streptomycin. He also observed that glyc- 
erol had a similar action, but to a lesser degree. 

As streptomycin assays of the two media using Romansky’s method 
(10) showed that the streptomycin was not reduced in potency in either medium, 
the folio-wing studies were undertaken. 

SLx different modifications of the two media were prepared: 

(S) Synthetic medium ■without glycerol or serum; 

(SG) S -1- 2 per cent glycerol; 

(SS) S -h 10 per cent serum; 

(SGS) S -1- 10 per cent serum -}- 2 per cent glycerol; 

(DA) Dubos medium -ndthout Tween 80 but with 0.2 per cent albumin; 

(DTA) DA -h 0.05 per cent Tween 80 
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Eighteen strains of tubercle bacilli were used for testing the four modifications 
of the serum-sjTithetic medium. An inoculum (0.25 mg.) of each of the strains, 
prepared bj’- grinding, was delivered respectively into tubes of each of the four 
media (S, SG, SS, SGS) containing the 13 concentrations of streptomycin pre- 
viouslj’’ emploj’-ed. These tubes were incubated for twenty-eight days and ex- 
amined every seven days. 

In table 2 may be seen] the sensitmty to streptomycin of each of these strains 
when grown for two weeks in the four modifications of the serum-synthetic 
medium. 

TABLE 2 

A comparison of the scnsiiiviit/ to streptomycin* of strains of human type tubercle bacilli 
when groxDn in various modifications of scrum-synthetic medium and Tween albumin 

medium 


TvpE or UEoniu 


STRAIN 



S 

SG 

SS 

SGS 

BA 

DTA 

165 

0.39 

0.39 

0.78 

0.78 

0.78 

0.19 

173 





3.125 

0.39 

H37Rv 

0.78 

1.56 

1.56 

1.56 

1.56 

0.39 

H37RvR 

>1,000.0 

>1,000.0 

>1,000.0 

>1,000.0 

>1,000.0 

>1,000.0 

200 

50.0 

1,000.0 

1,000.0 

1,000.0 

500.0 

1,000.0 

204 

25.0 

100.0 

600.0 

500.0 

500.0 

60.0 

207 

0.78 

0.39 

3.125 

6.25 

1.56 

0.39 

192 

500.0 

1,000.0 

1,000.0 

1,000.0 

500.0 

50.0 

17S 

500.0 

500.0 

1,000.0 

1,000.0 

1,000.0 

50.0 

196 

N.G. 

0.39 

100.0 

50.0 

1.56 

0.095 

170 

0.095 

0.19 

0.78 

0.78 



182 

0.19 

0.39 

0.78 

1.56 



183 

0.095 

0.39 

1.56 

1.56 



209 

0.095 

0.095 

0.39 

0.39 



185 

0.095 

0.78 

3.125 

3.125 



167 

0.095 

0.39 

0.78 

0.78 



15 

0.095 

0.19 

0.78 

0.78 



188 

N.G. 

0.19 

3.125 

6.25 



212 

N.G. 

0.19 

0.39 

0.39 




N.G. = no growth in an}' tube. 
* In 7 per ml. 


Effect of glycerol: Of the 18 strains tested, 10 after 14 days of incubation showed 
the same sensitivity to streptomycin in the basic synthetic medium with glycerol 
(SG) as in the medium without glycerol (S), (table 2). Five strains were more 
resistant in the presence of glycerol. No conclusions could be drawn concerning 
the 3 strains which failed to grow in fourteen days in the medium without glyc- 
erol. 

The effect of glycerol in the presence of serum was determined by comparing 
the streptomycin sensitivities in the medium SGS wth those in SS (table 2). 
The results were the same for all strains in both SGS and SS. Thus, the effect 
of glycerol alone, noted above, was not apparent in the presence of serum. 
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Effect of serum: The amount of growth of all strains in the control tubes was 
greater uuth serum than uuthout. Three of the 18 strains did not grow in the 
basic sjmthetic medium wthout the serum after fourteen days of incubation. 
The effect of adding serum to the basic medium on the sensitivity of the remain- 
ing 15 strains to streptomycin may be seen by comparing SS with S in table 2. 
Ten strains were more resistant to streptomycin (4- to 32-fold) in the presence of 
serum. The remaining five gave similar results in the presence or absence of 
serum. The sensitivity to streptomycin of 10 strains was also decreased when 
serum was added to medium containing glycerol (SG compared with 
SGS, table 2). 

Effect of Tween 80: Ten of the strains used for testing the ingredients of the 
serum-synthetic medium were also employed for the tests with the Tween al- 
bumin medium. 

In table 2 may be seen the sensitivity to streptomycin of the ten strains in the 
Dubos medium plus albumin only (DA) and in the Dubos medium plus Tween 
and albumin (DTA). 

The effect of Tween 80 on the inhibiting action of streptomycin is seen with 8 
of the 10 strains and is lacking with only the 2 strains of a resistance greater than 
the streptomycin concentrations employed. The potentiation is from 4- to 20- 
fold with these particular strains. This is even more apparent if the results ob- 
tained with the 10 strains in SGS and DA are compared (table 2). With the 
exception of strain 196, the results in these two media are the same. Strain 196 
did not give consistently similar results when sensitivity tests were repeated. 
This may be a reflection of the ease with which it produces streptomycin-resistant 
variants (11). 

Although growth of the tubercle bacilli is frequently not as rapid, albumin 
can be used as a substitute for serum when preparing media for streptomycin 
sensitmty tests. 

These results clearly confirm those of Fisher (7) that Tween 80 is the agent 
primarily responsible for the discrepancies observed between the results of strep- 
tomycin sensitivity tests in Tween albmnin and serum-s 3 mthetic medium. 

Effect of Amount of Tween 80 on the Bacteriostatic Action of Streptomycin 

Batches of Tween albumin medimn were prepared containing 0.05, 0.04, 0.03, 
0.02, 0.01, 0.005, 0.003, 0.001 and 0.0005 per cent Tween 80, respectively, and 
streptomycin was incorporated in each in the same concentrations previously em- 
ployed. Using 0.25 mg. of eight to ten day cultures of 6 strains of M. tuberculosis 
in Tween albumin medium as an inoculum, the nine series above were planted 
and incubated for fourteen days. As the inoculum itself was suspended in 0.1 
ml. of 0.05 per cent Tween SO, the total Tween concentration in any one tube 
was increased bj’’ 0.001 per cent. Table 3 shows the sensitivity to streptomycin 
of the 6 strains grown in these media, and in serum-synthetic medium. 

The cultures in the 0.05 per cent Tween SO series of streptomycin dilutions 
were all well dispersed when the tubes were shaken after two weeks of incubation. 

In tubes with less Tween the degree of dispersion was less constant. For each 
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strain (liorc ivns a critical concentration of Tween SO below which the amount, of 
dispersion observed in the Tween albumin medium containing 0.05 per cent 
Tween did not occur. 'J’he sensitivity to streptomycin .also was not the same 
in all the concentrations of 3'wecn SO. A.s the nmount of Tween SO was dimin- 
ished, the sensitivity to streptomycin became progrcs-sively less. For eacli 
strain, however, there was a point where further decrc.ase in the nmount of Tween 
SO produced no significant change in .«:ensitivity to .•streptomycin. At this point, 
also, dispersion wa,s no longer produced by the amount of Tween 80 present. 

TAIJLE 3 


Thr cf tie f/ Ttrten K* rtf rfr.n’ftri/y* and dttpertion of tuhfrcle bacilli 


Cn-TCTt 

ar 




cnNCXjnuJtTtoN 

: or “r«T.tJ! to" tn rrx. erpr 



KTifST* 

* :t 

C.051 

0,0*1 

0.0.' 1 

o.o:i 

O.OU 

p.m 

0.055 

0.00* 

0.032 

0.0315 

0.001 

ICS 





4* 

+ 

ISI 

wm 





Strrptfimydn 

l.S? 

0.055 



0.C5S 

0.055 



0.35 

0.T8 

0.39 

0.39 







1 

1 

HI 

1 





ITS 

i 

+ 

+ 

4* 

4- 

4* 



i 


— 


StreptosijTin 

WO 

M.O 

M.O 

W.O 

55.0 

co.o 

50.0 

5CO.O 

500.0 

6OT.0 

503.0 

1000 

»ea*iUvU>' 













155 


JL 


4* 

4* 

4* 

4* 


4* 

d: 



Streptonsyca 

3.12 

0.055 

0.19 

0.15 

0.19 

0.19 

0.19 


0.39 

0.39 

0.7S 

0.78 

KaJitivity 

1 












is: 



+ 

4* 


+ 

+ 

+ 

+ 

d: 

J. 


Slreplonydn 

ICO 

l.K 

1.55 

1.J.5 

3.12 

C.M 

C.M 

50.0 

50.0 

50.0 

50.0 

50.0 

Kusitlvity 




! 

! 

! 



1 

! 




201 


+ 

+ 

-f- 

*f i 

+ ■ i 

4- j 

+ 

+ 




Slrrplomstin 

500 

M.O 

M.O 

25.0 

25,0 


50.0 

50.0 

100.0 

100.0 

100.0 

100.0 

sensitivity 






jjH 







173 


+ 

+ 

+ 

4* 



4* 

+ 

d: 



Streptomyda 

1.55 

0.055 

[■iKia.i 

■la 

0.19 



0.39 

0.39 

0.39 

0.7S 

0.78 

pcasilinty 



1 

1 


H 








+ " DispCT?<^d Dxmih 
i " Partially dL^persed 
— «• No diaperaion 
• In 7 per ml. 


Effect of Tween SO on Nonacid-fasl Organisms 

In view of the fact that the previous tests indicated a relation between the 
degree of dispersion produced by Tween 80 and the potentiating effect on the 
bacteriostatic action of streptomycin, an investigation was undertaken to de- 
termine whether bacteria which do not owe their dispersal to Tween 80 would 
show an increase in sensitivitj’’ to streptomycin in the presence of Tween 80. 
Eleven strains of nonacid-fast bacteria were chosen which grew unclumped in 
broth. These were: G strains of Staphyloccocus aureus, 3 strains of E. colt, one 
of E. Ixjpln, and one of A. aerogencs. Tubes of beef infusion broth containing 
streptomj'cin in concentrations varying from 40 y per ml. to no y per ml. (ten 
tubes) were prepared. A similar series was prepared, adding 0.05 per cent Tween 
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80 to the streptomycin broth. The inoculum for the streptomj’-cLu sensitivity 
tests with these organisnos was 0.1 ml. of a 1 to 1 million dilution of a sk hour 
culture of each strain. These streptomycin broths were inoculated with the test 
organisms, incubated, and inspected thereafter at twenty-four, forty-eight and 
seventy-two hours. The sensitivity to streptomycin of all strains was the same 
both in the presence and in the absence of Tween 80. 

Modified Dubos Formxila 

McDermott and his associates (12) recommended the reduction of the Tween 
80 to 0.02 per cent and the increase of albumin to 0.6 per cent in the Dubos 
formula to eliminate the potentiating effect of Tn'cen 80. In the present studies 
this medium has been employed to test the sensitivity to streptom 5 'cin of 54 
strains of tubercle bacilli, and the results were compared with those obtained in 
serum-synthetic medium. Of the 54 strains tested, 33 were four- to eightfold 
more resistant in the serum-s 3 Tithetic media than in the modified Tween albumin 
medium. Of the 21 which gave essentially the same sensitivity in the two media, 
ten showed in both media a streptomycin sensitivity greater than 1,000 y per 
ml. in both media. If the series had included concentrations of streptomycin 
greater than 1,000 y per ml., it is possible that with these strains also a discrep- 
ancy between the results in the two media might have been revealed. 

Dehydrated Media 

Two other types of liquid media which were tested were those dispensed in 
dehydrated form (L14725 and L54720) by Difco. These media contained the 
salts as described by Dubos and Davis (1) plus proteose peptone No. 3, Bacto 
yeast extract and Bacto casitone. The only difference between the two media 
was that one (L14725) contained 0.05 per cent Tween 80. These Difco bases 
were dissolved in distilled water, and autoclaved in 90 cc. amounts. To this 
broth were added 10 cc. of sterile serum, containing 7.5 per cent dextrose, also 
supplied by Difco. Streptomycin sufficient to give the concentrations previousl}"^ 
employed was added to the two media. 

The sensitivity to streptomycin of 7 strains of tubercle bacilli was determined 
in the two Difco media and in serum-synthetic medium. The Difco medium, 
without Tween 80, gave results which were approximately the same as in the 
sermn-s 3 mthetic medium. In the Difco medium containing Tween 80, however, 
there was a fourfold increase in the bacteriostatic action of streptomycin on 4 
of the 7 strains tested. 


Solid Media 

Pyle (13) called attention to the fact that cultures of tubercle bacilli were 
not homogeneous with regard to their sensitivity to streptomycin. Using plates 
of Herrold’s (9) glj’^cerol egg agar medium containing different concentrations 
of streptomycin, she cultured M. txtbercidosis from the sputum of patients who 
were to receive treatment with streptomycin. Pjde found that these cultures of 
tubercle bacilli were composed of cells which did not have a uniform sensitivity 
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to streptomycin. The same composite character existed in cultures taken during 
and after streptom 3 ’’cin treatment. 

A sensitivity test that would give some indication of the relative numbers of 
streptomycin sensitive and resistant organisms in a culture would be of great 
value. Liquid media, however, are unsuitable for this purpose. A solid medium 
would permit an estimation of the relative amount of grovd-h on the dififerent 
concentrations of streptomycin. Moreover, such a medium might also be em- 
ployed -for the primarj’- isolation and testing for sensitivity of tubercle bacilli to 
streptomycin in one process, thus reducing the time needed for the completion of 
the tests. 

Herrold’s Medium: Herrold’s (9) glycerol-egg agar medium was prepared by autoclaving 
the nutrient agar base for thirty minutes in 150 ml. amounts and then adding a single egg 
yolk in a sterile manner after the agar had melted and been cooled to 50 C, 


Basic agar: Beef extract 3.0 Gm. 

Baeto Peptone 10.0 Gm. 

NaCl 50.0 Gm. 

Distilled HjO 1,000.0 ml. 

Agar 15.0 Gm. 

Glycerol 60.0 ml. 

pH 7.2 


The appropriate amount of streptomycin was added to each flask just after the addition 
of the egg yolk. Twelve to fifteen ml. amounts were then converted into slants in screw- 
top test tubes and allowed to harden. 

The inoculum for this series was prepared bj' growing cultures in Dubos 
medium for seven daj's, and then delivering 0.1 ml. (0.1 mg.) of this culture to 
each of the fourteen slants of Herrold’s medium containing different concentra- 
tions of streptomj'cin. The inoculum was allowed to flow over the slants, which 
were then incubated in a horizontal position. At the end of seven days, the 
growth on the egg slant was not abundant enough to make accurate readings 
possible. After fourteen days of incubation, most strains showed profuse growth 
on the tube with no streptomycin and on some of the lower concentrations of 
streptomycin. 

At this time (fourteen daj's) with streptomj'cin sensitive cultures, there was 
usually complete inliibition of growth in the higher concentrations of strep- 
tomycin. After four weeks of incubation, however, slight growth, consisting of 
one to several colonies, often appeared in one or two additional tubes containing 
concentrations of streptomycin two- to fourfold greater than the lowest concen- 
tration which had completely inhibited growdh at fourteen dav’s. 

In table 4 may be seen the seu.sitivity to 6 trcptom 3 'cin of the 95 strains tested on 
Horrold’s egg medium a,s compared with the results obtained with serum-syn- 
thetic liquid medium. Seventy-five of these strains (77.7 per cent) were found to 
be equally sensitive on both media at the end of two weeks, i.c. there was no 
more th.m a twofold difference in the results, the error inherent in the method. 
It should Ik; noted, however, that this slight discrepancy was consistently in the 



TABLE 4 

Comparison of results of streptonvjcin sensitivity tests in scrum-synthctic medium and 

Herrold’s glycerol egg medium 


SENSra\lTY TO STErPIOUYaN AFTEK FOnETEEN DAYS OF IKCDBATION* 


ain Number 

Serum*svntbetic 

Medium 

15 

1.56 

69R 

100.0 

129 

500.0 

165 

0.39 

170' 

0.78 

ISl 

100.0 

182 

0.78 

183 

1.56 

187 

100.0 

188 

0.78 

189 

0.78 

196 

0.78 

197 

>1,000.0 

200 

>1,000.0 

202 

>1,000.0 

204 

500.0 

207 

3.125 

208 

>1,000.0 

209 

0.78 

210 

>1,000.0 

211 

0.19 

214 

3.125 

223 

1.56 

225 

0.78 

228 

3.125 

230 

500.0 

231 

0.78 

236A 

500.0 

244 

0.78 

245 

25.0 

247 

100.0 

249 

12.5 

254 

6.25 

260 

3.125 

263 

0.78 

269 

3.125 

273 

.39 

274 

3.125 

294 

1.56 

299 

1.56 

314 

>1,000.0 

322 

1.56 

323 

6.25 

324 

1.56 

325 

1.56 

326 

1.56 

327 

6.25 

332 

3.12 


* In 7 per ml. 


Herrold’s 

Medium 

Strmn Number 

3.125 

333 

100.0 

334 

>1,000.0 

335 

0.78 

336 

1.56 

337 

25.0 

338 

1.56 

339 

3.125 

341 

50.0 

342 

3.125 

343 

0.78 

344 

3.125 

345 

>1,000.0 

346 

>1,000.0 

347 

>1,000.0 

348 

1,000.0 

349 

6.25 

350 

>1,000.0 

351 

3.125 

354 

>1,000.0 

355 

0.78 

356 

3.125 

363 

3.125 

366 

1.56 

373 

25.0 

394 

500.0 

395 

3.125 

396 

500.0 

398 

1.56 

399 

25.0 

402 

1,000.0 

403 

12.5 

404 

6.25 

405 

3.125 

406 

3.125 

407 

3.125 

408 

1.56 

409 

0.78 

411 

3.125 

414 

6.25 

422 

>1,000.0 

425 

3.125 

430 

12.5 

438 

3.125 

439 

3.125 

442 

3.125 

477 

3.125 

478 

1.56 



Serum-synthetic 

Medium 

HerroM’s 

Medium 

>1,000.0 

>1,000.0 

25.0 

25.0 

>1,000.0 

>1,000.0 

6.25 

12.5 

>1,000.0 

>1,000.0 

100.0 

50.0 

>1,000.0 

>1,000.0 

500.0 

500.0 

>1,000.0 

>1,000.0 

50.0 

50.0 

1.56 

1.56 

1.56 

3.125 

1.56 

6.25 

0.78 

1.56 

1.56 

3.12 

1.56 

3.12 

0.78 

1.56 

1.56 

3.125 

0.78 

3.125 

0.78 

1.56 

0.39 

1.56 

1.56 

3.125 

3.125 

6.25 

1.56 

6.25 

>1,000.0 

’ >1,000.0 

1.56 

1.56 

1.56 

3.125 

6.25 

6.25 

1.56 

3.125 

3.125 

6.25 

500.0 

500.0 

12.5 

25. 

>1,000.0 

>1,000.0 

1.56 

12.5 

12.5 

50. 

500.0 

500.0 

3.125 

6.25 

>1,000.0 

>1,000.0 

1.56 

6.25 

0.78 

3.125 

500.0 

500.0 

1.56 

6.25 

1.56 

3.125 

500.0 

100.0 

25.0 

25.0 

>1,000.0 

>1,000.0 

>1,000.0 

>1,000.0 


340 
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direction of a greater resistance on the egg slants. At the end of twenty-eight 
days of incubation, 78 strains (80.2 per cent) were found to be equally sensitive 
in the two media. Only 2 of the 95 strains, however, showed more than a four- 
fold difference in sensitivity on the two media at the end of four weeks of incuba- 
tion. 

Serum-synthetic agar medium: The addition of 1.5 per cent agar to serum- 
synthetic-streptomycin medium may also be used for determining streptomycin 
sensitivity. Fifteen strains were tested in this medium and the values obtained 
were compared with the results in serum-synthetic liquid medium. The results 
were the same in both media, but growth was somewhat slower in the agar 
medium. 

A third solid medium was prepared by adding agar to the synthetic medium 
without the addition of serum. The tubercle bacilli grew very poorly, however, 
and readings could seldom be made until the tubes had been incubated four 
weeks. 

Of the three solid media tested, the Herrold medium had the fewest disadvan- 
tages. The serum-s 5 nthetic agar required the addition of fresh serum, a tedious 
process. The synthetic broth plus agar was not sufficiently nutritious to provide 
enough growth to be read easily. 

Detection of Small Numbers of Streptomycin Resistant Tubercle Bacilli 

As the usefulness of a streptomycin sensitivity test may depend on the ability 
of the medium employed to detect the presence of a small number of resistant 
organisms in any culture isolated from a patient, the use of mixtures of sensitive 
and resistant organisms as inocula for streptomycin sensitivity tests was studied. 
H37Rv (streptomycin sensitive) and H37RvR (resistant to more than 1,000 y of 
streptomycin per ml.) were each grown in Dubos medium (0.05 per cent Tween) 
for one week, at which time 0.1 ml. of each culture contained approximately 
0.1 mg. wet weight of the bacterial cells. The cultures were shaken to give 
the maximum degree of dispersion. The resistant culture was diluted decimally 
with Tween albumin medium so that it could be combined in very small amoimts 
with a fixed amount of the sensitive strain and used as inocula for streptomycin 
sensitivity tests. 

In these mixed cultures it was observed that the amount and the time of 
appearance of growth in the concentrations of streptomycin which completely 
inhibited growth of streptomycin-sensitive tubercle bacilli was proportional to 
the number of resistant organisms in the mixture. 

In table 5 may be seen the sensitivities to streptomycin of 6 such mixtures con- 
taining different relative numbers of sensitive and resistant organisms and grown 
in modified Tween albumin, in serum-synthetic and in Herrold’s egg medimn. As 
may be seen in the table, the presence of a very small number of resistant organ- 
• isms in the inoculum influenced the results markedly. When as little as 0.001 
per cent (10“® mg.) of the total inoculum was resistant to streptomycin, growth 
occurred in all concentrations of streptomycin in all media. 

The amount of growth in the tubes of Herrold’s medium containing sufficient 
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streptomycin to inhibit gro^^•th of the sensitive organisms was, wit hin certain 
limits, proportional to the number of streptomj’-cin resistant organisms present. 
With 0.001 per cent (10“® mg.) of streptomycin-resistant organisms in the mix- 
ture, only 2 to 11 colonies were present on each slant of Herrold’s medium at the 
end of fourteen days. With larger numbers of resistant bacilli, the growth was 
more confluent but much less in amount than on the control medium. A dif- 
ference could be detected in the amount of groviih with as many as, but not more 
than, 1.0 per cent (10“® mg.) of streptomycin-resistant tubercle bacilli in the 
mixture. These differences, however, tended to disappear as the time of incuba- 
tion was extended beyond fourteen days. 

In the liquid media these differences in the amount of growth were far more 
difficult to detect. 


TABLE 5 


Result of streptomycin sensitivity tests on mixtures of sensitive and resistant tubercle 
bacilli after 28 days of incubation 


UG. IKOCULUM 

STEEPIOMYaN SEKSIHVITV Or lUXTOSE* 

H37RV 

H37RvR 

Serum-synthctic 

Medium 

Modified Tween 
Albumin Medium 

Herrold's Egg Medium 

0 

10-1 

>1,000.0 

>1,000.0 

>1,000.0 

io -> 

0 

1.56 

0.19 

1.56 

10-» 

10-1 

>1,000.0 

>1,000.0 

>1,000.0 

10-> 

10-1 

>1,000.0 

>1,000.0 

>1,000.0 

10-1 

10-1 

>1,000.0 

>1,000.0 

>1,000.0 

10-1 

10-1 

>1,000.0 

>1,000.0 

>1,000.0 

10-1 

10-« 

>1,000.0 

>1,000.0 

>1,000.0 

10-1 

10-1 

1.56 

0.19 

1.56 

10-1 

10- ' 

1.56 

0.19 



* In 7 per ml. 


The most important conclusion to be drawn from these experiments is that 
cultures of tubercle bacilli may contain very few resistant organisms but under 
the conditions of the in vitro sensitivity tests may appear to be entirely composed 
of resistant tubercle bacilli. 


DISCUSSION 

The results of the present studies show that the sensitivity of cultures of 
tubercle bacilli to streptomycin in vitro is partially dependent on the composition 
of the culture medium employed. It has been reported by other investigators, 
Alture-Werber and Loewe (14), Wallace, Rhymer, Gibson and Shattuck (15), 
Green and Waksman (16), Donnovick and Rake (17), Lenert and Hobby (18), 
Hobby and Lenert (19) and Berlcman, Henrj’’ and HousewTight (20), that the 
sensitivity to streptomycin in vitro of other species of bacteria is also influenced 
bj’’ the composition of the culture medium. A variety of substances, including 
glucose, peptones, and serum tend to reduce the bacteriostatic action of strep- 
tomycin. While the mode of action of these agents is not clear, they maj' inter- 



IN VITRO STRF.rTO^n•CIN SENSlTIVlTi* OF M. TUBERCULOSIS 


3-19 


fcro iu some manner with the bacteriostatic action of streptomycin. In the 
present. eNperiments it is of interest, that the two agents, glycerol and serum, 
which decreased the .‘sensitivity of the tubercle bacilli to streptomycin, also 
stimulated the rate of growth. It should be pointed out that not all of the 
strains of tubercle bacilli employed showed a significant decrease in sensitivity 
to streptomycin in the presence of glycerol and scrum, although growth was 
apparently stimulated. In a previous report (5) it was observed that the sensi- 
thity of tubercle bacilli to streptomycin was not appreciably affected by the 
presence of semm in the medium. Only one strain (H37Rv) ivas tested in the 
presence of serum in that study and the streptomycin sensitivity of this strain is 
not significantly atfected by scnim. 

Tu-ecn SO, on the other hand, ns shown by Fisher (4), increased the bacterio- 
static action of streptomycin for tubercle bacilli and this effect was proportional 
to the concentration of Tween SO in the medium. Tween 80 has a similar 
potentiating effect on the tuberculostatic action of subtilin (21), Chloromycetin, 
certain sjmthetic organic compounds (22) and penicillin (23). The mechanism 
whereby Tween 80 increases the bacteriostatic action of streptomycin is not 
apparent from the data of the present study. It appears to be related to the 
surface active properties of the compound and ma}-, as proposed b}* Kirby and 
Dubos (23), permit a more intimate contact between the antibiotic and the 
bacterial cell. It is of interest that Tween 80 did not increase the bacteriostatic 
action of streptomycin for nonacid-fast organisms, nor was it bacteriostatic for 
these organisms as it has been shown to be for tubercle bacilli (24). 

The variability in the sensitivity to streptomycin of tubercle bacilli under 
different conditions emphasizes the necessity for care in the selection of a medium 
for streptomycin sensitivity tests. The ideal medium would be one which du- 
plicated precisely the conditions which obtain in vivo. The original Tween al- 
bumin medium containing 0.05 Tween 80 and 0.2 per cent bovine albumin would 
appear to be unsuitable because of the marked potentiation of the bacteriostatic 
action of streptomycin by this concentration of Tween SO. The modification 
used by McDermott cl aJ. (12) , and by Sadusk and Swift (25), in w’hich the con- 
centration of Tween 80 is reduced to 0.02 per cent and the bovine albumin is 
increased to 0.5 per cent, was more suitable as the increase in the bacteriostatic 
action of streptomycin is no more than four- to eightfold. The serum-ssmthetic, 
bovine albumin sjmthetic, and Difeo dehydrated liquid media are free of Tween 
80, and such of these media as contain serum possibly simulate more closely the 
conditions present in vivo. 

All liquid media, however, possess other disadvantages. They do not readily 
permit the detection of streptomycin resistant variant cells (11), nor the deter- 
mination of the relative numbers of streptomycin sensitive and resistant organ- 
isms present in a culture of tubercle bacilli. Furthermore, liquid media are not 
as suitable for the determination of the sensitivity of tubercle bacilli to strep- 
tomycin at the time of primary isolation from the patient. 

A solid medium in which streptomycin could be incorporated wmuld solve at 
least partially the above objections to the use of liquid media. Extensive use of 
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La sensibilidad a la estreptomicina solid ser levemente menor con los medios 
sdlidos que con los sero-sintdticos liquidos. Sin embargo, parece que un medio 
sdlido, tal como el de agar-3’'ema de huevo-glicerol de Herrold, resulta satisfac- 
torio para dicbas pruebas, pose3'-endo ademas la ventaja de revelar aproximada- 
mente las proporciones relativas de bacilos tuberculoses resistentes y sensibles a 
la estreptomicina. 
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Timetable of Tuberculosis. — ^Tuberculous 
infection in a person passes through a number 
of characteristic periods; in each of these 
periods a specific tuberculous condition ap- 
pears frequently. The risk of falling ill nith 
each specific tj^pe diminishes rapidly after the 
period characteristic of the condition. Stage 
1 appears five to six weeks after the infection. 
It is characterized by tuberculin sensithity, 
initial fever, erj-thema nodosum and the pri- 
mary complex. There is nothing characteris- 
tic about the initial fever and only a tubercu- 
lin test indicates the true etiology of this, as 
well as of eo^thema nodosum. Tlie sedimen- 
tation rate becomes elevated. Stage 2 occu- 
pies approximately the next three months. 
During this period, the malignant generalized 
forms of tuberculosis, particularly miliary and 
meningeal, occur. Sometimes, by means of 
special methods, tubercle bacilli may be cul- 
tured from the urine. Stage 3, the pleurisy 
period, follows immediately after Stage 2 and 
lasts about four months. The effusion is 
usually on the same side as the primary com- 
plex and is a hypersensitivity reaction. After 
this, the infection enters a latent stage which, 
in most people, lasts for the rest of their lives. 
In a minority, there is a fourth stage, which 
lasts about three years, until the primary 
complex is healed. This is the period of 
skeletal tuberculosis. Most cases appear 
during the first year, a large number during 
the second and the remainder during the 
third. In adolescents, this is also the period 
of pulmonary tuberculosis, most cases occur- 
ring within three years after the appearance 
of the primary infection. The age of the 
person is an important factor in determining 


the incidence of the conditions in the vari- 
ous stages. — The iimetaUe of ivbercnlosis, 
A. Wallgren, Tuhercle, November, 1948, 29: 
245. — {A. G. Cohen) 

Tuberculosis In Identical Twins. — Mono- 
zygotic twins, 22 years of age, had lived under 
identical conditions and had the same pro- 
fession. One of the twins had a febrile 
episode during wliich roentgenograms re- 
vealed an infiltration in the apex of the right 
lung with a cavity in the right subclavicular 
area. Tubercle bacilli w’ere found in the 
sputum. The other twin was e.\amined as 
a contact and found to have an identical 
infiltrate with cavitation in the left lung; 
his sputum also contained tubercle bacilli. 
The parents had no roentgenographic evidence 
of chest disease but an older brother had had 
pulmonary tuberculosis treated by pneumo- 
thorax. After considering the problems of 
hereditary disposition to tuberculosis raised 
by these cases, the authors suggest that nurses 
with a family history of the disease be ex- 
cluded from working on tuberculosis services. 
— Snr les jumeauz tuberculeux, P. Braun & 
A. C. Maclouf, Rev. de la iuberc., 1947, 11: 
707.— (y. Leites) 

Treatment of Tuberculous Glands. — The 
plan of treatment was to obtain healing and 
quiescence by medical means and then to 
remove the glands surgically. General meas- 
ures included good food, rest, fresh air and 
ultraviolet light treatment. The patients 
usually remained ambulant. The head and 
neck were immobilized by means of a cara- 
pace. Fluctuant and cold abscess were in- 
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cised ^\dth a tenotomy knife; this usually did 
not lead to sinus formation. Enlarged ton- 
sils were removed and attention was paid to 
the teeth. In addition, calciferol was given 
to 23 children and 11 adults. The first effect 
was a flareup which soon subsided. Of 14 
children with draining sinuses, 3 were slow 
to respond; the others healed in one to tliree 
months. Of 6 adults with sinuses, 3 healed 
witliin three months and the other 3 more 
sIowlj\ In every case, there was an increase 
in calcification and a definite decrease in 
periadenitis. The excised glands showed an 
acceleration of the normal healing processes. 
Before treatment, the red, white and differ- 
ential blood counts, sedimentation rate, 
blood urea nitrogen and calcium and the 
renal function were determined. To.xicity 
of the drug was heralded by a rise in the blood 
urea, calcium and sedimentation rate. The 
daily dosage of calciferol for cliildren was 
100,000 units and for adults 150,000 units 
taken in tablet form. The total dosage 
reached 2 to 16 million units in children and 
7 to 46 million in adults. Toxic symptoms 
of a mild degree were noted in 9 cliildren and 
2 adults, of a moderate degree in 2 cliildren 
and one adult and severe in one adult. The 
earliest sign was constipation, followed by 
malaise, nausea, vomiting, anorexia, thirst 
and polyuria. There was no impairment of 
renal function in 11 patients and temporary 
impairment in 5. In one patient there was 
questionable permanent impairment. — Calcif- 
erol in the treatment of tiibercnlous glands, 
S. Gauvain, Tubercle, November, 1948, 29: 
259. — (d.. G. Cohen) 

Diagnosis of Tuberculodenns. — (1) Lupus 
mdgaris. It occurs endemically in regions 
wliich have a moist, cool climate vith relatively 
few hours of sunlight per j’car. It frequently 
begins in childhood and progresses verj' slowb'. 
The first lesion is the so-called lupus nodule. 
It is a small, well circumscribed, red or brown 
infiltrate which cannot be obliterated by 
pressure. Later it has an apple jelly color, 
is covered b}* scales and may become fungoid 
in character. Tlie histological picture is 


tliat of a tuberculous granuloma, occasionally 
with a central area of necrosis. Lupus tnd- 
garis may appear on any part of the body but 
the face is an area of predilection. (2) Inipus 
miliaris disseminahis. This is a rare disease 
of sudden onset. The lesion consists of 
many discrete, noncoalescent, lupus-like nod- 
ules which appear mtliin a period of six 
weeks. The nodules remain from three to 
six months and on healing lear^e a ^Tiriola-like 
scar. At no time is there scale formation. 
Tubercle bacilli are demonstrated only with 
great difficulty; the tuberculin test may or 
not be positive. The eruption occurs almost 
exclusively on the face. (S) Tuberculosis 
verrucosa cutis. This is an inoculation tu- 
berculosis usually encountered on the hands 
of ph 3 ^icians, veterinarians or butchers. Hie 
lesion is bluish red in color and forms scales 
early. The degree of verrucosity varies a 
great deal. There is always hyperkeratosis 
wliile caseation is absent. (4) Tubcrculids. 
All tuberculids are probably hematoembolic 
processes. They are papular lesions, varjdng 
in size and secondar}'- changes. The micro- 
scopic picture TOries depending on the specific 
tissue response and the degree of secondary 
changes. The onset of this lesion is rather 
sudden. It usually has a self-limited course 
with a fairly rapid evolution. — Criteria for 
the diagnosis of certain tubercidodenns, H. 
E. Michclson, J. A. M. A., November 6, 
1948, 138: 721.— {H. Abeles) 

Gastric Tuberculosis. — ^Tuberculosis of the 
stomach is rare. Broders classifies the condi- 
tion into {!) mih’arj' tubercles of the stomach, 
(2) solitarj’^ tubercle, (S) tuberculous ulcer, 
and {4) pyloric stenosing tuberculosis. The 
author reports a case witii railiarj' tubercles, 
ulcers and stenosis. The patient had epi- 
gastric pain, bloating, sour erusfations and 
bouts of emesis. The stomach was resected 
and the patient died. At autopsy the lungs 
were free of tuberculosis. Tiie stomach, 
duodenum and omental liunph nodes showed 
tuberculosis. — Gastric tuberculosis, N. /?. 
Morris, Am. J. liocntgcnol., Mag, 1948, 89: 
GS2. — (J. E. Farbcr) 
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Tuberculosis of Stomach and Duodenum. — 
Two cases of tuberculosis of the stomach and 
one of the duodenum are reported. None 
of the patients had active pulmonary tuber- 
culosis but abdominal lymphadenitis was a 
prominent feature. All 3 cases developed 
perforations or fistulous tracts at the site of 
their lesions. Eoentgenologically there are 
no pathognomonic findings so that the ulcera- 
tive and infiltrative lesions can be confused 
with benign ulcer or carcinoma. The simul- 
taneous involvement of the stomach and 
duodenum, the presence of fistulae or sinuses 
and signs, of external pressure by enlarged 
lymph nodes are roentgenographic diagnostic 
findings suggesting tuberculosis even in the 
absence of any pulmonary lesion. — Tubercu- 
losis of the stomach and dvodemm, H. TF. 
Osirum & TF. Serber, Am. J. Roentgenol., 
September 1948, 60: SIS. — {J. E. Farber) 

Abscess after BCG Vaccination. — A 2 
week old infant was vaccinated with BCG 
(0.04 mg.) in the right axilla by the sub- 
cutaneous method. He was transferred to 
another institution where liis tuberculin test 
was found to be negative during the following 
three months. Eevaccination was performed 
by scarification in the left axilla. One 
week later a small abscess developed at the 
site of the scarification and a few days later 
a similar abscess formed in the right axilla 
where the first dose of BCG had been given. 
Typical BCG cultures were obtained from 
both abscesses. The tuberculin reaction 
became positive shortly after the second vac- 
cination. Thus, in this case bacilli had re- 
mained alive in the patient for three months 
without producing any clinical demonstrable 
local reaction and without rendering the 
tuberculin reaction positive. — Petits abcds 
cidanis apres revaccination par le BCG au 
siege d'une scarification rdcentc et d’une im- 
jeclion sous-cuian6e aniiricure, J. Le Melle- 
ticr, Rev. de la tuberc., 1948, 12: 256. — (T^. 
Lcites) 

Seedbed of Tubercle Bacillus. — The nec- 
ropsy records of Bellevue Hospital patients 


over 15 years of age were examined for the 
period from 1935 to 1944. The following 
conclusions are made: Among patients who 
died from tuberculosis the clinical diagnosis 
was incorrect six times more often for persons 
over 50 than for persons under 30 years of 
age. Among patients who died from other 
diseases but who harbored communicable 
tuberculosis, there was clinical recognition of 
the tuberculosis in only one-fourth. Older 
persons can have progressive disease with so 
few manifestations of illness that they may not 
seek the advice of a physician and may remain 
imrecognized sources of infection. The regis- 
tration of death from tuberculosis in New 
York City appears to be below the actual 
death rate with respect to persons over 50 
years of age. In a high proportion of new 
cases of tuberculosis in adults in New York 
City, the disease is apparently contracted 
from unrecognized sources of infection. Mor- 
tality rates do not indicate either the extent 
or the location of the seedbed in which the 
tubercle bacillus resides. The seedbed may 
be greater in extent today than it was twenty 
years ago, for it is largely concentrated in 
persons, principally men, oyer 45 years of age 
and these are more numerous today than they 
were a generation ago. — Disregarded seedbed 
of the tubercle bacillus, E. M. Medlar, D. M. 
Spain, & R. TF. Holliday, Arch. Int. Med., 
April, 1948, 81: 601.— [G. C. Leiner) 

Pneumopericardium. — Two cases of pneu- 
mopericardium are described; both occurred 
in the course of therapeutic pneumothorax. 
One patient had had a pnemnothorax on the 
left for five days; the other on the right for 
six and a half months prior to the appearance 
of the pneumopericardium. Neither pa- 
tient had symptoms and the diagnosis was 
made by fluoroscop 3 ^ The pathogenesis 
remains obscure although a free pleuroperi- 
cardial communication is suggested as an 
explanation, Pimcture of the pericardium 
by the pneumothorax needle is unlikely. The 
presence of pneumopericardium was not con- 
sidered a contraindication for the continua- 
tion of pneumothorax. — Le pncumop6ricarde. 
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complication rare au course de la pratique du 
pneumothorax therapentique, J. P. Nico, J. 
Lacome & R. ComsauU, Rev. de la tubcrc., 
1948, 12; 48.— {V. Leiies) 

Activity of Pulmonary Tuberculosis. — ^It 
is important to make a rapid and accurate 
estimate of the activity of minimal tuberculous 
lesions found in mass surveys. More than 
75 per cent of these lesions have acquired 
stability at the time they are found. Ac- 
tmty can be determined accuratel}”^ by roent- 
genologic examination and more rapidly and 
economically than by bacteriologic methods. 
In a series of 699 such cases followed for two 
to five years, activity was correctly determined 
from the first roentgenogram in 86 per cent of 
cases. A large film and an experienced roent- 
genologist are necessary. The photofluoro- 
gram should be used for screening only. Pa- 
tients with minimal inactive pulmonary 
tuberculosis should be followed with roent- 
genograms at three month intervals for two 
years after discoveiy and at longer intervals 
thereafter. — Accuracy of roentgen determination 
of activity of minimal pulmonary tuberculosis, 
C. C. Birkelo & P. 0. Rague, Am. J. Roent- 
genol., September, 1948, 60: SOS . — (/. E. 
Farber) 

Cavities “Below the Diaphragm.” — The 
authors report 3 patients under pneumoperi- 
toneum therapy whose pulmonary cavities 
appeared to be below the diapluagm. The 
cavities were located in lung tissue below the 
dome of the diaphragm in the anterior and 
posterior sulci, thus producing the illusion 
described. — Pulmonary cavities “below the 
diaphragm,” P. Morganslcm & I. Pine, Am. 
J. Roentgenol., May, 1948, 59: 077 . — (/. 
E. Farber) 

Surgical Collapse Therapy in Children. — 
This is a statistical evaluation of the results of 
treatment of tuberculosis b 3 ' surgical collapse 
in children five to fifteen years old from 1932 
to 1947 in Pass}', France. Until recently 
this was the only French tuberculosis center 
where surgciy was used extensively in children. 


Of 146 operations, 64 were plnenic interrup- 
tions, 44 thoracoplasties, 33 extrapleural 
pneumothoraces, 4 Monaldi drainages, and 
one was a cavernostomj\ Over the fifteen 
year period the indications have graduallj' 
changed. In 1932, 68 per cent of the opera- 
tions were phrenic nerve parals'ses, 23 per 
cent thoracoplasties, and 9 per cent were 
extrapleural pneumothoraces. In the course 
of 1947, 78 per cent of the patients were 
treated n-ith e.xtrapleural pneumothorax, 15 
per cent with phrenic paralysis, and 7 per 
cent with thoracoplasty. Extrapleural pneu- 
mothorax at present is considered the best 
method in children, S3 per cent of the patients 
ha\dng a “complete result.” However, a 
great number of the operations are admittedl}' 
of too recent date to be evaluated as to long 
term results. No patient has been made 
worse by the interv^ention. There was one 
death several years later due to contralateral 
spread. Tliirt 5 '’-one thoracoplasties were per- 
formed after abandonment of an ineffectual 
pneumothorax; only 39 per cent gave “com- 
plete results.” Thoracoplasty on 3 patients, 
seven to eleven years old, produced no de- 
formity of the thorax in contrast to patients 
eleven to fifteen 3 'ears old in whom deformity 
was very marked. The present indications 
for temporary plnenic ner\'e paratysis with 
or without pneumoperitoneum are limited to 
basal lesions of recent date and central loca- 
tion. — La collapsothfrapie chirurgicale chez 
I’enfant tuberculcux de cinq a quinze ans, H. 
Joly, Rev. de la tubcrc., 1948, 12: SIO. — (I*. 
Leites) 

CoccIdloldomycoUc Pulmonary Cavitation. 

— Humans become infected ndth Coccidioidcs 
immitis usual!}- b}- inhaling the chInni 3 'do- 
spores and arthrospores of the fungus. S 3 'mp- 
toms develop, after an incubation period of 
one to three weeks, in about 40 jjcr cent of 
infected men. In the remainder the disc-isc 
is completcl}' as 3 'mptomatic. Women have 
a greater frcqucnc}- of erythema nodosum and, 
therefore, a larger proportion have clinicall}' 
manifest disease. The pneumonic or re- 
spirator}’ s}'mptoms are of varying seventy. 
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Pulmonarj' cavitation may develop in an 
area of coccidioidal pneumonitis or in a 
residual lesion some months after the primary 
infection. The patients with cavities rarely 
have disseminated infections and apparently 
possess effective immune mechanisms. Tlie 
frequencj’ of ca'citation in nsj-mptomatic 
coccidioidomycosis is not knorni; the incidence 
in hospitalized cases in the United States 
Army has been 2 to S per cent. The coccidioi- 
dal etiologj’ of 274 pulmonary cavities was 
verified by recoverj* of the fungus in 40 per 
cent, by serological tests in 49 per cent, and 
b\’ a positive coccidioidin without a tuberculin 
reaction in 11 per cent. Concurrent tubercu- 
lous and coccidioidal infections were present 
in 7 of the patients. The coccidioidomycosis 
was not progressive in anj' of these and the 
tuberculosis was progressive in only one. 
The relatively benign nature of the ca\ntics is 
indicated bj' the fact that in the military’ 
patients three-fifths of them were discovered 
incidentally. The initial roentgenograms were 
made on almost three-fifths of the civilian 
patients because of hemoptj'sis which, how- 
ever, n-as rarely severe. The other signs and 
symptoms of tuberculosis were rare. Ninety 
per cent of the cavities were single and 70 
per cent were located in the upper portions of 
the lungs. In diagnosing these lesions, the 
coccidioidin skin test was the first step. 
Approximately 10 per cent of the patients 
reacted only to coccidioidin stronger than 
1:100; a few did not react to 1:10. When 
the serological test was negative and a tubercu- 
lin reaction occurred, the diagnosis could be 
established only by recovering the fungus 
from the sputum or gastric contents. In 
three-fifths of the patients with fimgi in the 
sputum, the etiology could also be demon- 
strated serologically. When detectable in 
patients rvith cavities, complement-fixing 
antibodies were usually present in low titer in 
contrast to the high titer characteristic of 
disseminated infection. A decline in the 
antibody titer and a decrease in the sedimen- 
tation rate were noted while cavities were 
forming. Many cavities closed quickly but 
some remained open for years. Bed rest 


may have aided elosure early but was of 
limited value later. The risk of dissemina- 
tion has been negligible and the possibility 
of contagion remote so that drastic inter- 
vention should be reserved for specific indi- 
cations. Phrenic interruption has closed some 
old ca\’itics. Pneumothorax should not be 
used for peripheral cavities because of the 
hazard of creating a bronchopleural fistula. 
Surgical removal of a pereistent subpleural 
03%!^ by lobectomy or wedge resection safely 
eliminates the danger of spontaneous hy- 
dropneumothorax, which occurred in 2.6 per 
cent of the cases presented. Coccidioidal 
ca\-itics and spontaneous hydropneumothorax 
are much less hazardous than the correspond- 
ing tuberculous lesions and incomparably 
less dangerous than disseminated coccidioidal 
granuloma. — Pathogenesis of coccidioidomy- 
cosis with special reference to pulmonary 
cavitation, C. E. SmiOi, R. R. Beard & M. T. 
Saito. Ann. Int. Med., October, 1948, 29: 
623.— (E. A. Rouff) 

Pneumonia with Salmonellosis. — ^An out- 
break of food poisoning due to Salmonella 
montevideo was observed in 350 persons. 
Of these, 19 patients (6 per cent) developed 
bronchopulmonarj’ manifestations. Four pa- 
tients had acute bronchitis. One patient 
had bilateral bronchopneumonia; Salmonella 
montevideo was found in his sputum. Four- 
teen patients had clinical and roentgeno- 
graphic evidence of interstitial pneiunonia. 
All of them Irnd an initial acute gastroenteric 
phase, lasting two to eight days. In 8 of the 
14 cases there was a quiescent interval of one 
to five days, followed by increased toxicity, 
fever and bronchopulmonary complaints. 
In 6 cases there was no quiescent interval. 
The bronchopulmonary manifestations lasted 
from four days to two weeks. Sputum was 
cultured one to three times in 8 cases without 
recovering Salmonella. Sulfaguanidine, given 
during the gastrointestinal phase in 8 patients, 
and sufadiazine, given during the pneumonic 
phase in 3 patients, were without effect. — 
Pneumonia associated with acute salmonellosis, 
A. P. Ingegno, J. B. D’Albora, J. N. Edson 
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& P. J. Janquinto, Arch. Int. Med,, April, 
ms, 81: 476.— {G. C. Leiner) 

Asbestosis. — ^Forty case of asbestosis, au- 
topsied at the Medical College of South Caro- 
lina since 1930, are re^^ewed. The disease 
apparently did not progress long after ex- 
posure to asbestos dust ceased, although the 
fibrosis persisted and finally became scar 
tissue. In the milder cases there was little 
to indicate any influence of the disease on the 
health of the patient and death was usually 
caused b 3 ' some imrelated condition. In prac- 
tically all of such cases the asbestosis was un- 
diagnosed imtil necropsy. Tliis was also 
true in most of the cases of moderate lung 
damage. Asbestosis was conspicuous onlj' 
when advanced and even then it was not al- 
waj'S the principal or sole factor in the terminal 
illness. Asbestosis bodies remained in the 
lung indefinitely and were found twents^- 
seven shears after the last exposure to asbestos 
dust. The location of these bodies in the 
terminal broncliiole and in the vestibular 
area of the lobule is significant in the patho- 
genesis of the disease. Bodies of smaller 
size appeared in the peribronchial lymph 
nodes, where there was foreign bodj' reaction 
but usuallj' little fibrosis. The presence of 
asbestosis bodies in the sputum indicated 
only that there had been inhalation of as- 
bestos and did not characterize the condition 
of the lungs. Tlie bodies maj- be found for 
3 ’ears after the last exposure, but they may 
not be present in the sputum even in advanced 
cases of asbestosis. Plexmil involvement was 
not constant and was probably a sccondarj* 
occurrence. Local, fibrotic, nodular lesions 
similar to those characteristic of silicosis 
occurred frequentlj*, which suggests tliat thej' 
maj' have been produced also bj' the asbestos. 
Carcinoma of the lung was found in 7.5 per 
cent of the abestosis cases as compared with 
a general incidence of one per cent, suggesting 
that the two conditions arc related. Tu- 
berculosis of the lung was found more fre- 
quently than in general autopsj' series but 
careful anah-sis fails to show any direct rela- 
tionship. — A:hedoris: Analysis of forty ncc- 


ropsied cases, K, M. Lynch & IF. M. Connor, 
Dis. of Chest, Movcmlcr-December, 194S, 14 . — 
{E. A. Rmiff) 

Heart in Bronchial Asthma. — The cardiac 
and circulatorjf changes were studied in 301 
patients with bronchial asthma. Phj-sical 
examination revealed various degrees of 
emphj’sema in 61 per cent. Roentgenograms 
confirmed the frequency of so-called “drop- 
heart” with emph 3 'sema. It was present in 
14 per cent of the patients without an 3 ’ auricu- 
lar or ventricular enlargement. Although 
electrocardiography was often raluiible, it was 
difficult to detect slight changes in the heart 
by this method. Tlje most conspicuous 
electrocardiograpliic changes were (/) right 
axis de\iation, (5) peaking and widaiing of the 
P waves in leads II and III, (S) depression of 
the ST segment with inversion of tlic T waves 
in leads II and III, (4) splitting of the R and S 
waves, and (6) prolongation of the QRS con- 
duction time. Right axis deviation was 
present in 44 per cent of the cases, left axis 
dexiation in 2S per cent, and no axis deviation 
in 2S per cent. Uncomplicated bronchial 
asthma did not change the cardiac configura- 
tion. Associated cardiac disease, pulmonar 3 ’ 
congestion, or structural deformit 3 ' were 
responsible for enlargement of the pulmonai 3 ’ 
conus and arteries, as well ns for right cardiac 
hypertroplix' with electrocardiographic axis 
dexiation. Any “aortic or mitral configura- 
tion” was a sequel to valvular heart disease 
and not the result of bronchial .asthma. — 
The heart in brortchial asthma, M. K. Hajos, 
Ann. Allergy, Nofcmbct^Dccmbcr, 194S, 6: 
655.— {B. Hyde) 

Commercial Nebulizers. — The Council on 
Ph 3 'Eical Medicine of the American Medical 
Association has accepted onh' 3 nebulizers 
now commcrcialb' available, the dc MlbLss 
Nos. 40 and 44 and the Holmsprax’ No. G30. 
Ph 3 ’sicians have rccommendcrl other designs 
but there is little information a\’ailablc about 
their characteristics. Tliis st udr’ comp.arrs 
the performance of several nebulizers now 
being sold. Failure of the apparatus to per- 
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form satisfactorily was due to (7) the produc- 
tion of an insufficient amount of mist, (5) too 
many large particles which did not get beyond 
the mouth and pharjmx, or (S) a preponder- 
ance of true vapor or of particles so small 
that they were exlialed. Nebulizers con- 
taining small amounts of distilled water were 
weighed before and after 500 compressions of 
the hand bulb, and the weight delivered by one 
compression was calculated. This weight 
varied in the different nebulizers from 13.0 
to 0.4 mg. The “Breatliing” nebulizer de- 
livered the most mist followed in the order of 
decreasing . delivefj’’ bj* “Asthma Neprin” 
and “^’’aponefrin,” “De Yilbiss No. 40,” 
“Vapto,” “Broemmel,” “Peralta,” “Felrodo,” 
“Parke-Da\’is Nebulizer,” “De Vilbiss No. 
44,” “Defender,” "Stearns,” “Parkc-Da\'is 
Adrenalin Vaporizer.” The “Breatheasy” 
discliarged large droplets which lodged on the 
posterior pharjmgeal wall. “Vapto” pro- 
duced particles of a size reaching the upper 
respirator}’ tree and “Broemmel”, a fine mist. 
“Parke-Davis Nebulizer,” “Defender,” and 
“Steams” emitted droplets. — A comparative 
study of commercial nebulizers, G. F. Harsh, 
Ann. Allergy, September-Oclobcr, 194S, 6: 
534 .— (B. Hyde) 

“Nechaphyl” for Bronchial Asthma. — 
Thirty-five of 40 patients with bronchial 
asthma obtained relief from “nechaphyl with 
phenobarbital” which they judged to be at 
least as satisfactory as that obtained with 
various oral ephedrine preparations. No 
toxic manifestations were noted and “nerv- 
ousness” was diminished. “Nechaphyl” alone 
was less satisfactory than oral ephedrine. — 
Nechaphyl in bronchial asthma, S. TF. Simon, 
Ann. Allergy, November-Dccember, 1948, 6: 
668.— {B. Hyde) 

Apical Lung Cancer. — ^Primar}’ carcinoma 
of the lung located in the apex (Pancoast 
tumor) produces a characteristic clinical and 
roentgenographic picture. Clinically, the pa- 
tient complains of shoulder girdle pain which 
later radiates down the inner side of the arm 
into the fourth and fifth fingers; the affected 


shoulder droops. The upper eyelid on the 
side of the lesion becomes ptotic and perspira- 
tion is absent over that side of the face and 
head (Horner’s s}mdrome). Cough is gen- 
erally absent. A mass can be palpated in 
the related supraclavicular area. Over the 
apex there is percussion dullness and dimin- 
ished breath sounds. Roentgenograms reveal 
a well-defined homogeneous shadow of increased 
density liigh in the apex. The trachea is 
displaced and slightly indented. These tu- 
mors should be completely removed before 
extension to the mediastinum or brachial 
plexus has occurred. Radiation therapy 
has been disappomting but should be pre- 
scribed for all inoperable cases. — Primary 
cancer of the lung with special reference to 
apical lung tumors, J. J. Stei7i, Ain. J. Roent- 
genol., July, 194s, 60: 58. — (J. E. Farber) 

Mediastinal Cystic Hygroma. — Cervical hy- 
gromas are not rare. On the other hand, the 
literature contains reports of only 19 cases of 
cervicomediastinal and S of intrathoracic 
hygromas. To these, the authors add 3 cases 
of their onm. The condition is a congenital 
malformation arising during the development 
of the lymphatics by budding. The mecha- 
nism whereby it appears in the chest is un- 
certain. Pathologically it is a thin- walled 
cj’stic structure lined by endothelium, and is 
usually multilocular. The fluid in it is thin. 
A variety of structures such as connective 
tissue strands, fat, blood vessels and nerves 
may be foimd within it. Clinically, hygromas 
of the neck are usually noted at birth; they 
do not cause symptoms unless they displace 
the trachea or esophagus. Tliey are thin- 
walled and translucent. In the cervico- 
mediastinal type, roentgenography shows a 
shadow in the upper chest on the side of the 
mass; this varies in size with crying and other 
activities. The mediastinal type is found 
only on routine roentgenologic examination 
and is difficult to diagnose precisely. Surgical 
e.xcision is indicated for cosmetic reasons and 
to avoid infection or tracheal compression. 
The cervical portion is removed first. The 
intrathoracic portion is then sclerosed with 
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chemicals — Cervicomediasiinal and medias n i • 


Traumatic Hemothorax.-World War II 
taught that prompt and repeated aspiration 
of traumatic hemothrax- is the immediate 
treatment of choice. The purpose of this is 

pieuntis. The latter may result in limitation 
of lung function or failure of re-e.xpansioii 

.Ipn7, /s^s, ^ ^ ' 


Intrathoracic In jury.— Five per cent of 4 000 
battle casualties admitted to one army £ 
pital had wounds invohdna the infmf), 
^r„=lur.s. Wscnoen-L 

W tne extent of bony injuries to the rih« 
spine and sternum, (5) lesions of the lunL 
( 4 ) l^ions of mediastinal structures and 
the status of the pleura and the contents ^3 
le pleural sjiace. Foreign bodies are fre 

mndence of reaction in the lung or pleura 
Many are arrested in the hilar and mediStinal 
structures ^aumatic lung lesions arc usu 
ally small, circumscribed, and resolve un 

absorbed rapidly especially if promptly 
aspirated. Aspiration prevents thickened 
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DIAGNOSIS AND TREATMENT OF LUNG TUMOR' ^ ' • 

RALPH ada:\is 

(Received for publication Xovcmijcr 10, 191S) 

INTRODUCTiON' 

Carcinoma of the lung accounts for l)clAvcen 0 and S per cent of all cancer and 
approximates the frequency of gastric carcinoma. It is, therefore, a common 
disease which every general physician may expect to encounter in his practice. 
Usually the diagnosis is easily made by observation and analysis of the S 3 ’nip- 
tomatologx' which differs little from that of numerous other thoracic diseases. 

Thq results of treatment, arc comparable to thoi^e of other visceral cancers 
and much progress has been made in treatment in the past fifteen j'cars, both 
in respect to earlier diagnosis and improved technique. There has been a 
marked reduction in the immediate operative mortalitjq whicli formerlj' was veiy 
high but now is less than 5 per cent. The chief problem, in the present state of 
knowledge or lack of knowledge of cancer causation is that common to all malig- 
nant disease, i.e., earlier diagnosis. The available surgical procedures are now 
about as radical as is feasible or practicalh’ a]>plicable. Some improvement still 
is possible in short term results on ])oor risk patients by further refinement in 
methods of preparation and of after care. 

The content of this paper is limited to a statement of working policies in the 
detection of cases of lung tumor and the care of patients with such disease; in 
other words, practical diagnosis and treatment based on nij' own observations 
and experience. It excludes detailed statistical reporting of factual data as 
garnered from records of some 3S5 microscopicall}’’ proved cases. It also ex- 
cludes minutiae of technical detail as both these items arc of especial concern 
onlj' to those primarilj' interested in this single disease. 

MKASURES TO MINIMIZE INCIDENCE 

This tojiic is mentioned onl.y because there is nothing definite to report, nor 
is there likelj^ to be until the cause of cancer is discovered. Cigarette smoldng 
has been incriminated, but not proved. Neither has chronic inflammation or 
irritation been shown to be causatir'e, as is suspected in relation to carcinoma of 
the cervix. The one exception to complete ignorance of cause is the established 
fact of increased incidence in miners exposed to radioactive ores. The reason 
for the 4 to 1 male predisposition also is not explained. 

DIAGNOSIS 

Value of Populaiion Stirvcy 

Large scale radiographic screening has revealed some tjqie of thoracic lesion 
in approximatelj' 1 per cent of the segments of population examined, but only 

^From the Good Samaritan Hospital, tVoodbury, Tennessee. 

-Presented at the Southern Tuberculosis Conference, Savannah, Georgia, October 1, 
194S. 
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a fraction of these cases have been shown or even suspected of having carcinoma. 
The group in rvhich carcinoma is most prevalent is not often reached by the 
screening policies adopted for such surveys, wliich are designed to find tuber- 
culosis and are directed toward the j'ounger age groups. However, an occasional 
case of carcinoma is found. 

Furthermore, periodic health examination will not find the silent malignant 
lesion in the lung, unless: (1) it is accompanied by roentgenologic examination 
and the growth is in the lung parenchyma or encroaching on the bronchial 
lumen; and (2) such examination is repeated more often than is necessary in 
Public Health control programs. The three most valuable approaches to dis- 
covery of reall 3 ' earlj' carcinoma of the lung are: (1) education of the public to 
see a phj^sician for anj' cough of over two weeks’ duration; (;?) education of the 
profession to inquire for srmrptoms and at least fiuoroscope e\’erv new {ratient 
and make chest films on fluoroscopic indication or presence of sj'inptoms; (S) 
stop the practice of sjmrptomatic treatment of cough or plcuris\' without evalua- 
tion of cause. 


Symptomatology 

In contrast to carcinoma of the stomach, lung cancer usualh' causes carl^v 
sjTnptoms, but the}' arc often overlooked. Thej' arc so ordinary in character 
that both the patient and the phj-sician are likcl.v to disregard them in carh* 
stages. As determined from stud.v of one group of 157 consecutive, microscopie- 
allj* proved cases (1), the earlj’ sjmiptoms in the order of frcqueirc.v arc: 

Cough: Cough is present in 93 per cent of the patients with lung cancer. In 
the earlj* states it is dry or irritative, but soon becomes productive of mucoid 
or purulent sputum. Most often it is attributed to cigarette smoking or a mild 
cold. 

Pain: Almost every patient has a dilTcrcnt concept of pain, depending upon 
his temperament and racial and social backgi’ound. Earh' carcinoma of tire 
lung rarcl\' causes true pain, but some degree of pleuritic or vague thoracic (li.s- 
comfort will bo admitted in slighth' over half the patients. 

Sputum: The character of sputum in carcinoma of the lung is related closch’ 
to secondary iirfcction. \'cry earlv in the disease true mucoid simtum, apparent- 
h' caused bj* mucosal irritation or stimulation b\- the growth, is encountered. 
Later the spirt run usuall.v becomes purulent , but not foul or fetid, unless there lie 
bronchial ohstiarction or tumor nccro.^is. 

Hemoptysis: Blood spitting which occurs each da.v, every da.v, pcisi.'-tently 
over a period of time, is caused almost solch' bj' carcinoma. However, hcrnoi)- 
t\'sis in carcinoma .also may be sjroradic or intermittent. 

ir/ifcrr: This sr'mptorn or sign is not to be confused with asthma. It i.s an 
indication of bronchial encroachment to a point of incomplete occlusion and its 
intermittent character in earl\' stages is explained ly the prc.=once or ah.-ence ol 
secretion in the narrowed bronchial lumen. In cornbin.ation with one or more 
of the preceding .yrniitoms. it jrrovides strong presurnpt ive evidence of broriclii.'il 
occlusion caused ly tumor unlc.'^s there Ik* a historv of foreign IkkIv inhalation. 
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Confimiation of localized obstruction may be furnished bj’- roentgenologic ob- 
sen^ation of mediastinal sliift or localized compensator}’- emph 5 ’-sema. 

A late sjTnptom of dyspnea is closely correlated to pleural cfftision. Bloody 
effusion is the tj’pc commonly found, but is not the infallible indication of malig- 
nancy once thought, because it can also be caused by infarct or an inflammatory 
reaction. Furthermore, effusion also occurs in nonsanguinous form from pleural 
involvement by cancer. 

Severe pain, as distinguished from mild pleural discomfort, should be regarded 
as a consequence of bracliial plexus, chest wall, or mediastinal invasion. Relief 
from such pain is infrequently obtained by direct operative procedures, including 
removal of ribs, intercostal neurectomy, or lobar excision. Occasional!}'-, X-ray 
therapy is of transient benefit as are the nitrogen mustards. On the whole, if 
the pain really remains intractable and beyond the range of control by medica- 
tion, one must resort to chordotomy or frontal lobotomy. The latter procedure 
has given very gratif}-ing results to a few of our cases but, because of the atten- 
dant personality changes, must be embarked upon only after full consultation 
■with the neurosurgeon, the personal ph}’Eician, and the family. 

Hoarseness: The appearance of hoarseness or husldness of voice suggests 
paralyas of the recurrent lar}T3geal nerve from mediastinal extension of the 
growth. Occasionally the voice -nill return almost to normal after a few weeks 
of hoarseness, gi-\nng the patient and perhaps the physician a false sense of 
security, even though the vocal cord remains paralyzed. This phenomenon, 
when it occurs, is related to Iar}’-ngeal compensation. In most instances the 
voice remains permanently husky. One must beware of deciding forth-with 
that a patient has inoperable cancer of the lung -when he has been shown to have 
an abnormal shadow in the chest and a paralyzed vocal cord. We have now 
encountered 3 cases -with this situation in which cancer was not present and the 
patients made a complete recover}’- following appropriate surgery. One was a 
dermoid cyst with infection; one was a teratoma -with surrounding inflammatory 
reaction; and one was a substemal goiter into which there had been recent 
hemorrhage. 

Weight loss and weakness occur in later stages of the disease and direct 
attention to a careful search for peripheral nodes and enlarged liver or other 
signs of distant metastasis. 

Physical Signs 

The physical signs of lung cancer are related solely to bronchial obstruction and 
sequelae or to extension of the growth. The presence of a tumor mass itself is 
rarely detectable by physical examination. One may find the signs of pul- 
monar}' infection or atelectasis or pleural effusion. Paralysis of the phrenic 
nerve or the recurrent lar}'ngeal nerve are detectable by physical observation, 
as previously mentioned. Every case should have careful, methodical palpation 
of the supraclavicular fossae and axillae for nodes. In instances where pain is 
a complaint, it is important to palpate meticulously the intercostal spaces and 
muscles about the scapula for signs of tenderness or thickening from tumor 
invasion. 
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Definitive Diagnostic Tests 

The observations thus far mentioned are limited to recognition that disease 
is present, but are not definitive, for they ma}’- be encountered in various tj'pes 
of disease of the lung. Further studj”- should include as many of the following 
additional procedures as are required for diagnosis. 

1. Examination of the vocal cords with a larjmgeal mirror. This is not a 
specialists’ procedure and the simple teclinique can be mastered by anjmne vith 
a little practice. 

2. Fluoroscopy. This should be a part of every general e.xamination, and 
from it one gains specific information concerning diaphragmatic movement and 
type of movement. On fluoroscop}’- it is possible to detect immediatel}’’ para- 
do.xical movement or high stationary position of the diaphragm, secondarj' to 
a paralyzed phrenic nerve from tumor extension into the anterior mediastinum. 
The phrenic nerve, however, can be paralyzed by inflammatoiy reaction or bj’’ 
the pressure of benign lesions such as an aneurysm of the aortic arch. One 
observes the position of the mediastinmn; whether there is shifting with breath- 
ing; whether the shift is toward or away from the lesion; and whether the position 
of the mediastinum is variable or fixed. Localized emphysema is sought and 
the respiratorj' phase in which it appears is noted. Partial bronchial obstruc- 
tion causes localized expiratory wheeze and emphysema in combination. From 
fluoroscopy one may better determine what special radiographic Auews 'will best 
record the lesion. Finally, one learns whether an abnormal mass is of fixed 
size, pulsatile, or e.xpansile. 

Radiograpliic films arc obligatory in the presence of symptoms or signs even 
if fluoroscopic observations are normal because the problem at this stage is one 
of differential diagnosis. Fluoroscopy alone may fail to reveal the early infiltra- 
tive, or exudative, or very small lesion, because of limited optical resolving 
power. It is beyond my competence to speak authoritativel3’' on the purely' 
technical phases of radiology, but the following common errors in making radio- 
graphs are mentioned because the}' are responsible for some errors in diagnosis: 
{1 ) omission of the lateral films which often assist in detection of pathologj' behind 
the heart or near the mediastinum and permit positional localization to a pul- 
monaiy segment, divdsion or lobe; (2) failure to obtain oblique \dews of lesions 
requiring differentiation from anomalies or morbid processes in the heart or 
great vessels; (5) simple, technical inadequacy, such as overexposure and under- 
development, gross underexposure or development in solutions that are too hot. 

Supplementarj- films with hca\y e.xposurc or m'th the Buckej' diaphragm 
should be made for lesions of marked or extensive density in order to detect an 
internal c.avitj" or to visualize the bronchial lumen, and to stud}' the ribs, pleura 
and mediastinum for irregularity. Laminograms 0cca.si0n.all3' are helpful but 
are more useful in the stud}' of tuberculosis. 

Jtadiographic Evidence 

'Flic most direct primnr}' oridence consists of the dcmon.stration of a tumor 
mass. If circular in form, it is likely to lie in the periplicr}', even thotigh it m.ay 
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appear to be situated close to the hilus on a postero-anterior film. A lateral film 
•will complete definition of the location of the mass. If multiple shado-ws of 
roimd masses are seen, metastatic disease to the lungs is naturally suspected. 
If the mass lies in the periphery, is roimd, and is more than 4 cm. in diameter, 
either adenocarcinoma or solitary metastasis from a hypernephroma is to be 
suspected, and intravenous pyelograms should be done. The other primary 
e'vddence consists of the presence of a blocked bronchus "with an ovoid shado'w of 
tumor projecting into the bronchial air column above the obstruction. This is 
sometimes seen on a plain film, more often on a Buckey film, and most often on 
a laminograph. 

The secondary eiddence of the presence of a tumor usually consists of radio- 
graphic and the other signs of pulmonary atelectasis or infection which are 
related to variable degrees of bronchial encroachment and obstruction. Im- 
portant information, which suggests the occurrence of subcarinal lymph node 
extension, is afforded by a broadened or distorted tracheal bifurcation. 

Certain axioms are of aid in radiographic interpretation, remembering that 
they are statements of clinical experience and not of mathematical law. Local- 
ized emphysema and wheeze in an adult are usually caused by a tumor. A 
■widened carina indicates disease in the mediastinal nodes and hence is extremely 
likely to indicate the presence of tumor. A lung abscess •with thick wall (greater 
than 1 cm.) and nonfetid sputum is presumptive e'vddence of carcinoma. A fluid 
“level” 'vrith upward conve.xity is caused by central necrosis of a tumor mass 
having bronchial communication. Radiographic reports reading “suggest 
recheck in two months to rule out carcinoma” are never justified on the basis of 
haphazard or incomplete study, and may cause needless delaj’' in diagnosis. 

Su7nmary of radiographic stxidy: Radiographic examination excels all other 
methods in the detection and recognition of lung cancer if done completely and 
properly by persons of experience and competence. 

Examination of the Sputum for Cancer Cells 

Examination of the sputum for cancer cells is an old method which has been 
in use for many years. It has recently been repopularized and increased in 
value by the work and -writing of Papanicolaou. Such examinations should 
be performed in all cases under suspicion of carcinoma of the lung, just as 
a search for tubercle bacilli in the sputum is made in all cases under suspicion 
of pulmonarj’- tuberculosis. Experienced observers make ver}’- few false posi- 
tive reports, but the report must be correlated -with other observations. Nega- 
tive reports or findings have little significance. The test is of considerable value 
when positive, but is not as yet as definitive as the e'vddence provided b}’- e.xami- 
nation of material obtained hy a direct biopsj’’. 

Thoracentesis is indicated in cases in which a pleiual effusion is detected on 
clinical or radiopaphic examination. Aspiration is best done -with a short 
beveled needle of number 18 gauge lumen, 2 inches in length. One might easily 
recite a series of cases seen with complications of pleural or pulmonar}^ infection, 
hemorrhage or spread of disease, which were direct sequels to the injudicious use 
of a large, long, baj^onet-pointed needle. 
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prepared in the laboratory may yield well preserved cells from which the pathol- 
ogist can accurately determine a diagnosis. Negative evidence from endo- 
scopic examination so conducted is of equal importance. 

So handled by a seasoned endoscopist, acting as a consultant with clinical 
acquaintance with the case, one may anticipate on the basis of our experience 
the following results in approximate figures. Eighty per cent of eventually 
proved cases of lung cancer will be bronchoscoped. Ninety per cent of the cases 
bronchoscoped will have the diagnosis established thereby or stated as a positive 
suspicion from the collateral observations which the bronchoscopist makes. If 
bronchoscopy is handled as a purely laboratory procedure, to be done by a 
technician with no knowledge of the case, under remote “pushbutton-like” 
control from a clinician, the results, I should think, would be less rewarding. 

Bronchography rarely should be done in the diagnostic study of lung tumor. 
The oil may be trapped behind a tumor with production or accentuation of 
pneumonitis. It carries a slight risk of causing spread of tuberculosis. More- 
over, bronchography confuses the radiographic appearance of early inflammatory 
disease and may make further accurate observation of progress either tedious or 
inaccurate. Bronchography is a technique for outlining the pattern of disease 
in bronchiectasis, and even there is only incidentally of diagnostic value. 

Thoracotomy 

An occasional case is enoimtered in which no diagnostic approach other than 
thoracotomy will be decisive. We have formerly made the statement that one 
rarely learns more about the diagnosis on opening the thorax than was known 
beforehand, although of course the extent of disease can be determined with 
finality only through the open thorax. This attitude was a reasonable one when 
the risk of operative mortality was high. Two facts have caused alteration of 
this viewpoint. First, the risk of thoracotomy itself now approaches zero and, 
secondly, more pulmonary lesions are being discovered in an asymptomatic 
stage. Therefore, thoracotomy and excision of the lesion has become prefer- 
able to assuming the risk that a mass of unknown nature is carcinoma. At 
thoracotomy one does not cut into the lesion, but excises it; the “biopsy” some- 
times even becomes a lobectomy. For processes not subject to diagnosis by 
other methods, such a course is believed wise and conservative. It is excellent 
treatment for the fibrocaseous tuberculous mass before cavitation has occurred. 
It offers the best chance for cure of really early carcinoma. It does not im- 
necessarily sacrifice lung tissue. In certain instances it relieves general worry 
about the diagnosis and the patient’s future. What happier outcome could be 
asked than the removal of a treacherous appearing pulmonary lesion, with 
minimal risk of complication or fataliy, and the finding that it is a benign lesion 
about which there need be no further concern? 

Common Sense 

Thus far in the discourse I have emphasized scientific exactitude in diagnosis 
and discussed the various methods for its attainment. I now wish to stress 
common sense, not as a substitute for, but as a corollary to, the other measures. 
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it can be applied causes X-ray therapy to be chosen in most cases to be treated 
by actinic radiation. 


Palliative Resection 

Palliative resection has been already discussed in part. It is recommended 
only for cases burdened with complications of secondary infection. The dura- 
tion of life imtil death from carcinoma is in no way changed, but the patient may 
be prevented from dying of infection or hemorrhage and has a more comfortable 
terminal period. 

Surgery for Eradication of Disease 

At the present time complete surgical extirpation offers the only hope for 
cure. Pulmonary resection, including both pneumonectomy and lobectomy, 
in our hands now carries a 5 per cent hospital mortality risk on the basis of a 30 
per cent resectability rate (1). It is my belief that lobectomy for selected upper 
lobe lesions and peripherally placed lower lobe lesions, particularly in older 
patients, is as satisfactory a procedure as pneumonectomy. Moreover, lobec- 
tomy is associated with a lower operative hazard and better subsequent func- 
tional status. For the majority of cases, however, a radical pneumonectomy 
is preferable. 

A discusdon of technical details is not considered germane to this presenta- 
tion. It is assumed that the surgeon and anesthetist in charge of a given case 
are competent to handle such matters. It is my understanding that this audi- 
ence, in respect to smrgery, is more interested in what surgery should be done and 
why it should be done, than in exactly how it is done. 

Results of Surgical Treatment 

No one, however, is more interested than you in what surgery has or can 
accomplish. The hospital mortality from pulmonary resection for carcinoma 
has now been reduced to 5 per cent. Our resectability rate has been 31.8 per 
cent. Eesected cases have a 64 per cent chance of being alive and well one 
year later. Rarely does an rmtreated case live a year after diagnosis. It was 
previously reported (1) that 23 per cent of the patients subjected to pulmonary 
resection more than five years previously were found to be living and well at 
the end of five years. The predominant factor affecting survival after resection 
was there shown to be the microscopic cell type. In this series, epidermoid 
carcinoma had the least gloomy prognosis, followed in sequence by adenocar- 
cinoma, oat cell and undifferentiated types. In fact, no patient with an oat cell 
or undifferentiated carcinoma lived more than a year after resection. Dura- 
tion of symptoms, the size of the lesion, the type of resection done and the 
presence or absence of involvement of lymph nodes were found to exert signifi- 
cant but not determinative effects upon the surAuval time. 

OTHER LUNG TUMORS 

Aside from adenoma, other varieties of lung tmnor are rarities. I know of 
two examples of primary sarcoma and have personall}’’ treated one case of myxo- 
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li03^ dia inferior a 5 por ciento. Despufis de repasar y justipreciar los metodos 
de diagnostico, seiialase que hay que aplicar el juicio maduro templado por el 
sentido comun a fin de evitar la cirugia molesta y est^ril en los casos avanzados 
desahuciados. Las iini'cas csperanzas de cui’acion se cifran actualmente en la 
extirpacidn cruenta total, 

Veintitr^s por ciento de los casos resecados hace mas de cinco afios se hallaban 
vivos y sanos al cabo de cinco aiios. El adenoma bronquial no alcanza en 
frecucncia mas que la d^cima parte del cancer pulmonar, pero muestra una ex- 
liectativa de sobrevivencias a lo menos diecinueve veces majmr. Clinicamente, 
representa una entidad distinta del carcinoma, no importa la clasificacidn 
patoldgica que reciba con el tiempo, conforme al grade de malignidad. 

REFERENCE 

(1) Adams, R.: Primary lung tumors, J. A. M. A., March 2, 1946, 130, 547. 
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gang of !i fatal case has completed the evidence for the specific etiolog}' of granulo- 
matosis in liuman sui)jocts (0). 

Observations on the cardio-respiratory functions*^ of 6 patients' with chronic 
delayed pulmonary granulomatosis d\ic to heryllinm arc reported here (table 1 
for physical data). The cases arc arranged in order of increasing severity^ of dis- 
ease from borderline disturbances to total disability. Four of these patients had 
known contacts with beryllium compounds under industrial working conditions. 
The other 2 patients were ‘'neighborhood ca.ses” since they did not work in the 
industry, but had contact with beryllium compounds only from atmospheric con- 
tamination in the close irroximity to a manufacturing plant. The duration of 
respiratory distre.'JS in these G patients ranged between one and six years. The 
etiologj' was presumed in most bj' exclusion of all other differential diagnoses 

T.VBLE 1 


Physical data on patients studied 


PATIENT 

Aci: 

sr.x 

ItCtGItT 

ttTir.itr 

s. ari:a 

AP 

niAMCTER 

SADIOtOO-j TRANS- 
ICAI. 1 VERSE 
CHEST i CARDIAC 
VOLUitE 1 RATIO 

1 




cm. 

A‘i:. 

St;, m. 

cm. 

iiUrs 


A. B 

2G 

M 

109 

50.0 

1 .05 

17.5 

9.22 

0.440 

C 

40 

F 

157 

5S.3 

1.57 


15.85 


M. E. T 

23 

F 

107 

59.9 

1.00 


11.14 

0.3S4 

M. H. C 

2S 

F 

105 

52.0 

1.54 

IS. 7 

7.97 

0.422 

J. J 

31 

M 

102 

52.8 

1.54 


S.S3 

0.524 

W, R 

35 

M 

1S3 

51.8 

l.GS 


15.24 

0.464 


and was established in the third patient by identification of trace amounts of 
beiyllium in the urine. In the sixth patient beryllium was recovered from Idd- 
ney stones." 


METHODS 

These p.aticnts were hospitalized for periods of observation ranging between two weeks 
and three months under complete metabolic control at all times. Except where indicated, 
all the measxirements reported were obtained during nonfasting conditions. Maximum 
breathing capacity was measured by means of volunt.ary maximal hyperventilation for 30 
seconds with the patient standing, using a mouth piece, high velocitx’ valve, and a Douglas 
bag. The gas volume was measured in a stand.ard Tissot spirometer, corrected to 37° C. 
and recorded per squ.are meter of body surface area. Predicted values for both maximum 
breathing capacity and lung volumes were based on regression formulae derived by the in- 
vestigators in the Chest Service of Bellevue Hospital (10). Recumbent lung volumes were 
determined in duplicate by means of the helium dilution technique (11). All partitions of 
the total capacity were corrected to 37° C. Dead space measurements were obtained and 
corrected to 37° C. by breathing d.ata obtained from a modified A-13 Air Force face mask 

® The metabolic studies on these patients wilt be the subject of a separate report. 

® We .arc indebted to Dr. Joseph DeNardi of Lorain, Ohio, and Dr. Gordon Richardson 
of Towanda, Pennsylvania, for aiding in the arrangements in studying these patients. 

’ We are indebted to Dr. L. T. Steadman of the Dejxartment of Radiation Biology for 
making these measurements. 
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( Vj.'T.s- 

A. B., a -JT year old wliitt' inarru'd inalt',li:ul tnthi-itrial contiu-t with irrilatinK fumes from 
a horylliiim alloy iirorr.>-s for tlir<'e mouths dunut: I'.'IO. lie was iii excellent health until 
lOi-i. when he developed limits of chills, fever, irritative eoutthint;, wheer.inp: and dyspnea 
on exertion while in ihi' Army, fhesi roeiituenoKraphie examination was reported negative 
at that time, hut hyOctoher, I'.MT, .symptomv hail pnutresMal, weittht loss from anorexi.a had 
oecurred, and another chest roentuenopram reviailed <liiTuse liilaleral lesions eompatililc 
with heryllium granulomatosis. He has been unahle to work since tlnit time. t)n examina- 
tion in March. IPIS, vita! siens were normal except for slight tacliypne.a. 'I'lie patient ap- 
peared slender; he was usinp his accessory muscles of resjiiration even for (piiet hri-athint:. 
Tlierc w.as neither cyanosis nor cluhhinu of the finyers and the eliest examination w.as other- 
wise unremarkahle except for accentuation of hreatli sounds over the left lower lohe of tlie 
lunu. roentitenouram of the chest showed enlai'ced hilar root shadows with soft outlines 
and dilTuse nodularity throughout the lunp lields Hmttre la). 'I'he patient was umdile to 
remain for eomjdete studies, hut the folhminu ohservatioiis wen> made. The red lilood 
count was jier cu. mm., the hemoulohin concent rat ion was 112 .ti flm. per IlKl ec. and 

the hematocrit was.'d jier cent . 'Phe respiratory pattern was irregular, with sifthini; indica- 
tive of emotional disturhance, whicli was compalihle with the ohserved hehavior. His 
maximtim hreathinj: capacity w.as only .Vi per cent of the predicted value .and in .some 
measure was low hccau«e of jioor coopiTation. Deti'rminat ion of lunc volumes showed 
marked reduction of tol:d capacity (tahle •_*. licure 'Jl to .'kO liters, or .aS per cent of the value 
Iiredicted from the heisht formula. .Meastirenienl of chest volume on the roentKenoKram 
was also reduced, .“UccestiiiK inahility to .adeipiately expand the chest , .’inil the vital capac- 
ity was limited to 2.0 litiTS recumhent, or -J.*! liters standiii);. The tilveolar pres.surc'- 
velocity mcasuronients were nornnd (tahle ' 2 'k The eleclroeardiop-.am. the ballistocardio- 
prani, the venous pressure, and circuhation times, were all nornnd (tahle 3). The patient 
wa.s able to perform standard exercise lest.« (at r.ale of 2.15 mph) !it inclines of 0, o, and 10 per 
cent prade.s for 10 minutes (table -I, fictirc .a). On the Latter two, he experienced severe 
dysimea. sweatinp and ,«uhsternal distress. His leps became X’cry tired. There was a 
paradoxical pulse with ave.rapc heart rates up to 131 per mimite. No elect roc.ardiopraphic 
chanpes were ohserx-ed, and the oxypen debts were normal. The vcntihition indices were 
but slipluly increased, .and the pidmonary ediciencj- in relation to xvork w.as tilmost normal 
(lipire 3). 

This paliont’s ivtluml vcntilalory capacity aiul totiil lime volume were in 
contrast to hi.s apparent iruihility to hyperventilate tlurinp: rest or c.xercise as 
much as other iJtiticnts (fioniy; ,S). I’o.s.sihly the .secontlary polycythemia ac- 
counted for this. l.*nfortimatcly no tirterial blood stimples were obtained in 
order to evaluate cither (he tilveolar oxygen gnulient or (he degree of hypoxemia. 
In an older individual, reltitively the same degree of granulomatous change may 
he associated with greater functional imptiirmcnt, as indicated by the next. case. 

M. C., a-tO ye.ar old white woin.nn, developed a contact dermatitis on both .arms and hands 
as a result of an indust ritd exposure to beryllium poxvders for three months during 1914. 
She discontinued this work and wtis in good' health until .\ugust, 194G, when she began to 
notice coughing while on x-acation in Oregon, Kxcrtional dyspnea was first noted in June, 
1947; a che.st roentgenogram oljlaincd a few months later revealed “cloudy” changes com- 
patible with “beryllium poisoning.” .She experienced no anorexia, and weight increased 
from 12S to 13G pounds during the last .six months of 1947. On examination in April, 1948, 
vital signs were normal, and the patient aiipcarcd well. Frequently she c.xhibitcd an 
irritative coughing, put showed no tachypnea, dyspnea, cyanosis, limitation of chest expan- 
sion, or clubbing of the fingers. Occasionally wheezes and rhoiichi were audible on 
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arterial oxj'gcn saturation of S6 per cent, hemoglobin concentration of 12.46 Gm. per lOd 
cc., and pO: of 75 mm. The alveolar-arterial oxygen gradient was not greatly increased, 
and the resting level of ventilation was a high normal value despite the presence of border- 
line anemia and definite hypoxemia (figure 4). Exercise studies showed that the patient 
was able to walk (at the rate of 2.6 mph) on the level without symptoms, experienced 
dj'spnea at 5 per cent grade of incline, and was unable to walk more than five minutes at 10 
per cent grade because of more intense dyspnea. The ventilation indices were moderately 
increased whereas the oxygen debts were normal at 0 and 5 per cent grades, but were in- 



Fig. lb. Chest roentgenogram of patient M. C. with chronic pulmonar 3 ' granulomatosis 
associated with berj’llium compounds. 

creased markedlj^ to 54 per cent at 10 per cent grade walking (table 4). The pulmonary 
efliciencj’ in relation to work (figure 3) was apprcciablj'^ reduced. 

This patient, M. C., also had moderate reduction in vital capacity, j'et in 
contrast to A. B. was able to maintain a normal maximum breathing capacity. 
Her pulmonary efficiency was impaired because of moderate increase in al- 
veolar-artei'ial gradient which prevented noi'mal saturation of arterial blood with 
oxygen. With increased arm-to-lung circulation time and imlmonary hyperten- 
sion during exercise, she presented evidence of pulmonary resistance and right 
heart strain (noted by accentuation of the second pulmonic sound). Under 
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was limited and inconstant rales were audible over the base of each lung. Roentgeno- 
graphic c.\-amination of the chest showed diffuse pulmonaiy haziness, reticular markings 
and minute nodulations; the heart was not enlarged (hgure Ic). With exertion the patient 
became dj’spncic and complained of dizziness. During the period of observation the 
intensity of these two symptoms fluctuated considerabl.v, and at times she became easily 
fatigued and exhibited orthopnea. Some of the variation in sjaiiptomatology was related 
to emotional factors represented by frequent sighing respirations and a tendency to hyper- 
ventilate. The routine hospital laboratoiy data were normal, except for reduction in 
plasma albumin concentration to 3.3 Gni. per 100 cc., as determined by electrophoresis, and 
diminished blood volume by the Evans blue technique". The patient’s predicted blood 



Fig. Id. Chest roentgenogram of patient M. 11. C. with chronic pulmonary granulo- 
matosis associated with beryllium compounds. 

vohiine wa.s 1,050 ml., but the observed value wa.s 2,900 ml. with an hematocrit of 11.5 per 
cent and pla.sma volume of 1,650 ml. The maximum breathing capacity was 53 j)cr cent of 
the predicted value (table 2). .Alveolar prc.ssurc-vclocif y relationships were normal. De- 
termination of lung volume.s showed a moderate reduction of both the total pulntonary 
capacity and the vital capacity (table 2. figure 2). In an attempt to evaluate further the 
dyspnea and dizziness by altering her electrolyte balance, the patient was given a eour.-o of 
sodium chloride 2.0 Gm. orally, four time.s daily, for fotir days prior to the expected onset of 

" \5e are indebtetl to Dr. L. A. Kohn for these data. 
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partition may have been sufficiently altered to permit greater escape of carbon 
dioxide •vrithout significant increases in ventilation. The mechanism of this 
reversible action is difficult to explain, since it was less marked when repeated 
after menstruation, but may have been related to pulmonary venous vasocon- 
striction. Finally, the measurement which reflected the diffusion of oxygen into 
the blood during exercise was the least variable value, and showed no correlation 
with the patient’s variations in symptoms. The fourth patient in this series 


RELATION OF VENTILATION AND ARTERIAL SATURATION TO 
THE ALVEOLAR GRADIENT 


10 

6 

0 

no 

90 

70 

SO 



RESTIWS VENTILATION 
eREATHINQ 
ROOM AIR 

l/mVm sip 

•UNABLE TO TOLERATE 
ROOM AIR MORE 
THAN 5 MINUTES 


ALVEOLAR p O, ICAL l 


GRADIENT 


ARTERIAL p O, (OBS) 


grams y. HEMOGLOBIN 



n 




m 




1 

— m REDUCED 

HEMOGLOBIN 


SG 


87 


92 

1 

j 

82 

j 

1 

77 

% ARTERIAL 0, 
SATURATION 


Fio. 4. Relation of ventilation and arterial oxygen saturation, at rest, to alveolar- 
arterial oxygen gradient. 


came from the same neighborhood as the third, but her manifestations of chronic 
pulmonary granulomatosis were somewhat different at the time of observation. 

M. H. C., a 28 year old white married woman, also lived in close proximity to the same 
beryllium factory (as did patient M. E. T.) from 1944 to 1948. In May, 1946, she noticed 
coughing which was occasionally productive of blood-streaked sputum. Inhalation of 
fumes from this factory were known to be irritating to her. The paroxysms of coughing 
gradually became more severe, and by July, 1947, she had recurrent chills, fever, orthopnea, 
and dyspnea at night as well as on exertion. Because of anorexia she lost 28 pounds in 
weight. Cyanosis became prominent on exertion, and in November, 1947, she moved to 
another location and her symptoms began to subside. On examination in January, 1948, 
she exhibited moderate respiratory distress, limitation of chest e.xpansion, mild cyanosis, 
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observed. Except for sinus tachycardia and depression of the ST segment in lead 1, the 
electrocardiogram was unremarkable. Venous pressure, circulation times, and blood pres- 
sure were normal, but the right ventricular pulse pressure at rest was near the upper linuts 
of normal (table 3) . Despite the low vital capacity the arterial blood was 92 per cent satu- 
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Exercise responses to treadmill walking at 2.6 mph 
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** Mean ventilation index in 35 normals is 6.12 ± 2.08. 


rated, and the pOi was 78 mm. E.xercise tolerance studies demon strated that she was able 
to walk at 2.6 mph and at 0 and 5 per cent grades, but that fatigue and dyspnea developed 
even with the least exertion. Her tolerance was shortened by grade walking to seven min- 
utes, and she was unable to walk at 10 per cent grade without supplemental oxygen. The 
ventilation indices were greatly elevated to 19.8 and 21.5 at 0 and 5 per cent grades, re- 
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spectively, showing the extent of the hyperventilation which prevented more serious degrees 
of hypoxemia (table 5). Pulmonary efficiency in relation to work diminished as soon as 
grade walking was attempted (figure 3). The least variable factor during exercise, based 
upon coefficients of variability of multiple tests, was the rate of ox 5 'gen absorption per 
liter of ventilation (5.3 per cent), whereas ventilation volume exhibited the greatest vari- 
ation (11 per cent). The oxygen debts were normal, yet clinically the patient often exhib- 
ited marked accentuation of second pulmonic sound, transient gallop rhj'thm, left chest 
pain, sweating, and e.xhaustion as a result of this exertion. She presented no signs of heart 
failure, and the administration of 1.5 mg. of digo.xin orally in two divided doses caused 
anorexia and nausea but failed to diminish intensity of exertional dj-spnea or to improve 
exercise tolerance or performance. Ammonium chloride 2 Gm. orally, three times daily, 
for two daj's induced anorexia and dizziness, but no other changes similar to those in 
patient M. E. T. were observed. 

This patient, M. H. C., differed from the preceding one b)’’ more intense exer- 
tional d3'spnea because of a smaller vital capacity. Her maximum breathing 
capacity was apprcciabl}’’ greater, and this ma)’’ account for the more nearlj’’ nor- 
mal level of arterial oxj'gen saturation. During the period of observation there 
was an appreciable increase in vital capacity together with a slowing of the heart 
rate at rest and exercise. The exercise tolerance was not as good, however, 
probabl)’’ because of pulmonary h5T)ertension during exertion. In contrast to 
this patient is the disability from advanced cor pulmonale exhibited b)* the fifth 
and sixth patients, both of whom had definite industrial e.xposurcs to ber3’llium 
compounds. 

J. J., 31 years of age, worked for two months as a sifter of fluorescent powders containing 
bcr 3 ’llium. Despite protective clothing and face mask, ho had to discontinue this work in 
December, 1942, because of coughing and e.xcrtional d 3 ’spnca. Rocntgenographic examina- 
tion of the chest was reported to show “dust in the lungs.’’ After these s\’mptoms subsided 
he returned to work on another job which c.xposcd him to fumes of various acids and am- 
monia, as well ns beri’llium, tungsten, and carborundum dusts on v.arious occ.asions. Early 
in 1915, he had a recurrence of coughing, exertional dyspnea, together with fatigue, anorexia, 
weight loss, night sweats, chills and fever which progressed over three months. P.aroxj'smal 
nocturnal dj-spnea and orthopnea were also noted. He was admitted to Trudeau Sanator- 
ium where e.xhaustive diagnostic and functional studies’* were made. The arterial oxygen 
saturation was SO per cent .and the total lung volume was 2.73 liters with 24 per cent residual 
air content. The exercise tolcr.ance was limited to 2.5 mph level walking for5minulcs,and 
the vcntilator%‘ equivalent for o.xygcn was 4.7 liters per 100 ml. of oxygen per minute. Dur- 
ing the next year and one-half the patient improved somewhat, but lost 40 pounds in weight. 
Tubercle bacilli were never demonstrated in the sputum and a tuberculin skin test w.as 
negative to 10 jng. Examination of material obtained from biopsv* of .“kin lesions on the 
hand showed lesions with noncnscous central necrosis which were interpreted as “change,*; 
characteristic of Boock's sarcoid.’’- Minimal symptomatic relief was obtained from quiniise 
and neoarsphenamine tlicrapj*. When the patient was returned home, he graduallj’ im- 
proved, gained weight from 117 to 133 pounds and bj* the summer of 1057 was able to mow 
part of his lawn. After that time, clubbing of the fingers, accentuation of the recond pul- 
monic heart sound, more cxcrlion.al dy.*!pnen, cyanosi.«, and '.vcight loss indic.atcd furtb.cr 
hypoxemia and cor pulmon.ale. Examination in .April, 195S, revealed a chronically ill, rn.al- 
nourished white male, with obvious respiratory distress oven .at rest . There was t ach.vpnea 
of 2 i per minute, at rest, cyanosis, marked clubbing of the nails, limited clic.'l exp.an'ion and 


” runctioaal studies were done by Dr. George AVright, S 3 r.an.ae Hake, New York. 
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utilization of the accessory muscles for respiration. The lungs were resonant to percussion, 
but rales were audible on examination of the bases. By percussion the pulmonary conus 
was prominent and the heart was enlarged to the right. The second pulmonic sound was 
accentuated and a systolic murmur was heard along the left sternal border. Generalized 
atrophy of the- skeletal musculature and myotactile irritability confirmed the history of 
extensive loss of weight. Roentgenographic study of the chest showed soft infiltrations of 
both lung fields with increased bronchovascular markings. There was prominence of the 
right auricle and pulmonary conus (figure le). The red blood cell count was 5.5 million per 
cu. mm., and the hemoglobin concentration was 18.5 Gm. per 100 cc. (Sahli). The urine 
showed a one plus reaction for albumin, and the blood urea nitrogen was 27 mg. per 100 cc. 

■ Bromsulfthalein test showed 60 per cent retention at the end of forty-five minutes, after 
a dosage of 5 mg. per Kg. of body weight. Electrophoretic analysis of plasma protein was, 
unremarkable save for slightly low albumin of 3.46 Gm. per 100 cc. and an increased con- 
centration of alpha-2 globulin. A vitamin A absorption test was abnormal. The maxi- 
mum breathing capacity was 51.5 liters per square meter, or 73.5 per cent of the predicted 
value (table 2). The lung volumes showed a very great reduction in vital capacity to 39 
per cent, and total capacity to 56 per cent of the predicted values (table 2, and figure 2). 
The electrocardiogram was abnormal because of right axis deviation, and peaked P waves 
in lead II in addition to sinus tachycardia. The venous pressure was increased to 135 cm. 
and fell paradoxically to 11.5 cm. with pressure over the right upper quadrant of the 
abdomen. The arm-to-lung circulation time was prolonged to 11 seconds; arm-to-mouth 
time was 16 seconds. Venous catheterization of the right heart showed increased right 
auricular pressure (13 mm.) and right ventricular pulse pressure was as high as 78 mm. of 
mercury. The cardiac output by direct Pick principle was abnormally low or 3.1 liters 
per minute. Arterial o.xygen saturation was depressed to 82 per cent with a pOj of SO 
mm. Breathing pure oxygen increased these values to 95.6 per cent and 114 mm., respec- 
tively, but probably did not improve tissue utilization since the A-V oxygen differ- 
ence fell from 9.4 to 7.78 vol. per cent. Exercise tolerance studies showed a marked impair- 
ment of pulmonary efficiency in relation to work, and this was aggravated by any increment 
over the resting value since exercise caused an increase in ventilatory equivalents (figures 
3, 5, table 4). This unusual response was due to the extraordinary degree of hyperventila- 
tion induced by effort, and may also indicate further increments in pulmonary hypertension. 
The patient was unable to perform even 5 per cent grade walking except at the slow speed of 
1.7 mph. Both ventilation indices and o.xygen debts were abnormally high for either level 
or grade walking (table 4). 

This fifth patient exhibited the late sequelae of chronic pulmonarj’’ granuloma- 
tosis due to beryllium, namely: contracted lungs with relative emphysema, cor 
pulmonale with incipient congestive failure, malnutrition, liver disease, and early 
renal disease in addition to severe anoxemia. Despite the latter, there was no 
marked polycythemia (figure 4). The ease with which such a patient may suffer 
serious complications is revealed bj’’ the following observations: 

During the course of nitrogen balance studies, the patient was given 25 mg. of testosterone 
propionate intramuscularly daily for twelve days to ascertain its anabolic effects. The pa- 
tient gradually became edematous, suffered more intense dyspnea, coughing and orthopnea 
even after the drug had been discontinued for a week. The laboratory evidence of conges- 
tive heart failure is presented in table 5. During the course of a second venous heart 
catheterization, the initial effects of 1.0 mg. of digoxin intravenously were recorded (figure 
6). There was a transient lowering of right auricular pressure followed by an inerease in 
right ventricular pulse pressure, and improvement in pressure pattern. Within forty min- 
utes the right heart output improved sufficiently to overload the pulmonary circulation and 
pulmonary edema ensued. Fortunately the patient was promptly relieved by a phlebotomy 
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TABLE 5 


Effects of congestive heart failure in 'patient J. J. 



AFKIt 1948 

ItAY 1948 

ATTEE DIGOXIK 
THEEArV 

Basal Weight, Kg 

52.1 

5S.1 

54.2 

Lung volumes in liters 




Vital capacit}' 

1.51 

1.31 

— 

Residual air 

1.23 

1.50 

— 

Total capacity 

2.74 

2.81 

— 

Per cent residual air 

45 per cent 

53 per cent 


Venous pressure 




cm. water 

13.5 

20.5 

11 

Circulation times, seccmds 




Arm-to-lung 

11 

21 

10 

Arm-to-mouth 

16 

25 

18 

Resting metabolic rate 

+19 per cent 

+32 per cent 

+43 per cent 

Exercise tolerance 

1.7 mph, 0 per cent grade 




Endurance, minutes 

10 

S 

10 

Ventilation index 

25 

32 

33 

Oxygen debt 

12 per cent 

22 per cent 

17 per cent 

Average exercise 


1 

1 


Ventilatory equivalents 

3.9 

4.4 

3.9 

Heart rate 

146 

128 

122 

Blood pressure 

141/79 

118/83 

143/77 

Pulse pressure 

62 

35 

66 

Symptoms 

j 

Dyspnea 

Severe dyspnea, 
exhaustion 

Moderate dysp- 
nea 

Ballistocardiogram 




Pattern 

Prominent H 

Irregular 

— 

Amplitude 

fair 

low 

— 

Arterial Blood 




pCOj, mm 

41 

34 

— 

pOj, mm 

50 

46 

— 

Oi saturation 

S2 per cent 

82 per cent 

— 

Oi capacity, vol. per cent 

17.47 

16.89 

— 

A-V Oj difference, vol. per cent 

9.40 

5.S4 

— 

Cardiac output, L/Min 




(breathing oxj'gen) 

4.12 

4.60 

— 

Maximal pulse pressure 



1 

Right auricle 

13 

25 


Right ventricle 

7S 

6S 

! _ 

i 
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of 350 ml. of blood, was then able to breathe easily while lying in the supine position, and 
rejected further supplementa l oxygen therapy. The observed electrocardiographic K 
constant (QT/Vcycle length) progressively shortened from 0.432 to 0.342 during the same 
period of time; inversion of T waves in lead II and occasional ventricular premature beats 


EFF E CT OF ID MG. IV. D»G0X1N ON CONGESTIVE ICART flMLURE IN 
OHRONIC GRANULOMATOSIS DUE TO BERYLLIUM 

RATE oea PULSE COMMENTS 
QT PRES 


CONTROL R.A. 


4rr mm-hj. 

97 .432 75-20 Tz t 


MNUTES 

AFTER 

DGOXIN 


82 410 10-125 


DIPHASIC 


RIGHT VENTRICLE 

7 


83 .365 125-55 Tj I 


28 


37 




‘v* 88 364 40-70 


PULMONARY ARTERY 

AAAvA- 


VENTRICULAR 

PREMATURE 

95 .366 40-80 BEATS 


ORTHOPtEA, 

COUGHING, 

PULMONARY 


AJ\AJ\J\ 

, {RELIEVED BY 

PHLEBOTOMY) 


_ 50 MM, MERCURY PRESSURE 
J FDR CALIBRATION 

HEART SOUNDS 

ELECTROCARDIOGRAM-LEAD 2 

Fia. 6. Effect of digoxin on manifestations of congestive heart failure in patient J. J.; 
1.0 mg. digoxin was administered intravenously during the second cardiac catheterrization. 
(Note irregular right ventricular pressure pulse patterns which were present prior to the 
administration of the digoxin, as well as typical electrocardiographic changes related to 
the digoxin). 


further indicated the effects of digoxin on the myocardium. The cardiac output increased 
from 4.6 to 7.8 liters per minute. Diuresis was instituted promptly by the digoxin, and dur- 
ing the first twenty-four hours the basal weight declined by 1.75 Kg. The venous pressure 
was reduced to 11.0 cm. of water, and the arm-to-lung circulation time shortened to 10 
seconds. Patient was thereafter continued on maintenanee doses of digitoxin or.nlly. An 
e.xercise tolerance test was repeated, and the patient was able to walk on the level the full 
10 minute period at 1.7 mph and c.xperienced much less dyspnea. The exercise systemic 
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pulse prcs.surc was increased to the prccongcslivc-fniluro level, and the ventilatory equiva- 
lent for oxygen was restored to its former value. 

These data clearly show how loiiR-standing beryllium granulomatosis can be 
complicated by cor pulmonale and congestive heart failure. The response to 
rapid digitalization was quite unusual because of the resistance to pulmonary 
blood flow which precipitated pulmonar3'’ edema requiring a phlebotomy to obtain 
relief. Such a patient needed continuous digitalis therapj'^ to combat the heart 
failure. 

The oxlraordinarj' disability that can result from ovcnvhelming anoxemia is 
revealed bj' the sixth patient in this scries: 

tv, U., a 35 yc.ar old white married male, was employed in the fluorescent light industry 
ns an engineer. In March, 1915, ho first noted exertional dyspnea which progressed in 
severity. Later ho felt irritable, unstable, had anorexia, and during the summer lost 40 
pounds in weight. Abnormal markings were found in the chest roentgenogram. Because 
of orthopnea and p.aroxysraal coughing, ho was given penicillin and streptomycin by in- 
halation Ihcr.apy in July, 1917 without striking benefit. Clubbing of the fingers had been 
present since 1010, and occasionally ho noted slight dependent edema. Ho had had frequent 
p.o.ssages of kidney stones for two years. For the six months prior to admission it had been 
necessary for him to use oxj'gcn bj- an or.al tube continuously to minimize dyspnea. On ex- 
amination in May, 191S, he ajipeared to be a severely, chronically ill, white male with exten- 
sive wasting from malnutrition. lie exhibited respiratory distress even at rest, and this 
was accentuated by any cause for anxiety. lie showed variable tachypnea, dyspnea, 
orthopnea, ns well ns very marked clubbing and appreciable cyanosis even while breathing 
oxygen by a tube in his mouth. With persuasion the maximum possible time that he could 
tolerate breathing room air was about 20 minutes c.arly in the course of observation, but 
later this time was less than a minute (figure 7). The chest was somewhat enlarged 
and the accessory muscles of respiration were used prominently. Breath sounds were 
of emphysematous character with wheezing and basilar rales bilaterally. The heart was 
not cnl.argcd, the rhythm was regular, and the second pulmonic sound was accentuated. A 
faint systolic murmur ns well as an early dccrcsccndo diastolic murmur was audible along 
the left sternal border. Roent genographic examination of the chest showed diffuse granular 
and confluent shadows bilaterally but more marked on the right side (figure If). The 
hematocrit was reduced to 37.5 per cent and the urine contained considerable albumin 
(3 plus reaction), and both red blood cells and white blood cells. The patient frequently 
passed kidney stones, and spectroscopic examination revealed beryllium within tho stones.’ 
The blood carbon dioxide combining power was increased to 77 vol. per cent and the chloride 
was depressed to 88 m.eq. per liter. Two-plus cephalin flocculation and thymol turbidity 
reactions indicated abnormal hepatic function. Bromsulpthalcin retention was 40 per cent 
(repeated, 20 per cent) at the end of forty-five minutes. Tho observed blood volume was 
5,000 ml., equal to the value predicted from height, but tho plasma albumin concentration 
by electrophoresis was diminished to 2.7 Gm. per 100 co., and all globulin concentrations 
except alpha-1 globulin were abnormal. The maximum breathing capacity was greatly 
depressed to 10.2 liters per square meter, or 16 per cent of the predicted value (table 2). 
The lung volumes showed marked reduction in total and vital capacities to 40 per cent and 
53 per cent of values predicted (figure 2, tabic 2). The alveolar pressure-velocity relation- 
ships showed that less than the average pressure was needed to obtain moderate flow of 
air in the tracheobronchial tree (table 2). The electrocardiogram showed right heart 
strain with right axis deviation and inversion of T waves in leads II and III. Despite 
conspicuous distension of the peripheral veins, the venous pressure was repeatedly found 
to be between minus 0.6 and 2.0 cm. of water. The circulation times were normal. Venous 
catheterization of the right heart revealed increased pressure in auricle, ventricle, and 
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TABLE 6 

Effect of cytochrome C on patient W. R* 



BEFORE 

AFTER 

Breath-holding time, seconds 

5 

20 

Minute ventilation, liters/MVniinute 

5.98 

6.44 

Ventilatory equivalent for oxygen, liters/minute 

2.36 

3.73 

Oxygen consumption, ml/MVminute 

253 

171 

Arterial Blood 



Carbon dioxide tension, mm 

75 

— 

Oxygen tension, mm 

67 

76 

Carbon dioxide, vols. per cent 

79.6 

76.9 

Oxygen content, vols. per cent 

12.6 

12.6 

Oxygen capacity, vols. per cent 

14.5 

14.7 

Oxygen saturation, per cent 

87 

86 

Mixed Venous Blood 



Carbon dioxide tension, mm 

84 

85 

O.xj'gen tension, mm 

35 

38 

Carbon dioxide, vols. per cent 

80.5 

78.8 

Oxygen content, vols. per cent 

8.65 

8.85 

O.xygcn saturation, per cent 

59 

60 

A-V carbon dioxide difference, vols. per cent 

0.88 

1.86 

A-V oxygen difference, vols. per cent 

3.93 

3.75 

Cardiac output liters/minute 

6.42 

4.56 

Hfifirt. rfitft 

98 

118 

Stroke volume, average ml 

65 

39 

Electrocardiogram 

Ti , j — flst 

Ti — elevated, 
Tj — depressed 

^ QT 

K constant / — 

VOL 

0.425 

0.403 

Pneumocardiogram, Chest 



Beginning of right ventricular ejection, sec 

0.07 

0.05 

Beginning of left ventricular ejection 

0.13 

0.12 

Mean right auricular pressure, mm. Hg.** 

-k2.8 

-0.74 

Mean right ventricular pressure, mm. Hg 

23 

24.6 

Kightjventricular pulse pressure, mm. Hg 

66 

84 


* 80 mg. were administered through a catheter inserted into the right heart. Observa- 
tions were made immediately before and one-half hour after catheterization while patient 
was breathing oxygen. 

** Zero reference point 5 cm. below level of sternum. 

cardiac output declined 29 per cent, with a rise in heart rate and a fall in stroke volume. 
The sytemic blood pressure rose from 102/72 to 126/100 mm. of mercury. The right ven- 
tricular pulse pressure rose from 66 to 84 mm. of mercury as the systemic pulse pressure fell 
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lar group of patients. Overbreatliing, present at rest, and accentuated by exer- 
tion, is the result of an increased alveolar-arterial oxygen gradient, hypoxemia, 
and contracted breathing capacity and total lung volume (particularly the com- 
plemental air partition). The latter change may increase the proportion of 
residual air, but the observed volume was not greatly increased in any of these 
patients. Thus the pulmonaiy insufficiency more nearly resembles that seen in 
patients "noth pulmonary fibrosis than in those in whom emphysema is the pri- 
mary defect. Pathological examination of fatal cases has shown the presence of 
diffuse emphysematous alterations in lung structure intermingled with granulo- 
matous infiltrations. Functional studies of these patients do not, of themselves, 
offer data that serve to differentiate granulomatosis from other pulmonary dis- 
eases of comparable severity. Such studies are of value in delineating the differ- 
ences between patients of the same group and, when analyzed according to 
pulmonary efficiency in relation to work performed (figure 3), the sequence of 

TABLE 7 


Resting ventilation, alveolar pOt, alveolar-arterial oxygen gradient, and diffusion constant for 

oxygen* 


PATIENI 

RESTING 

VENTU^- 

noN 

OXYGEN 
CONSUICP- 
' TION 

CALCtT- 

LATED 

AL^’EOI.AR 

pOj 

1 OBSERVED ARTERIAL 

ALVEOLAR- 

ARTERIAL 

OXYGEN 

GRADIENT 

DIEEDSION 
CONSTANT 
TOR Ot 

VENTILA- 
TORY 
EQUIVA- 
LENT 
roR Oj 

pOj 

pCOi 




tnm. 

mm. 

mm. 

mm. 



M. C 

4.72 


Ill 

74 

47 

37 

2.94 

3.37 

M. E. T 

4.21 

162 

96 

72 

36 

24 

3.60 

2.60 

M. H. C 


168 

120 

78 

25 

42 

4.20 

4.03 

J. J 

4.24 

141 

98 

49 

41 

49 

2.04 

3.03 

W. R 


161 

96 

46 

48** 

60 

1.97 

6.38 


* All measurements made while breathing room air. 
** pOz 96 and pCOj 66 mm. while breathing oxygen. 


complications is more readily understood. The complications of pulmonary 
granulomatosis evolve as compensating mechanisms for hypoxemia and increased 
pulmonary resistance. The earliest response to hypoxemia is hyperventilation, 
whereas usually polycythemia is a response to long-standing hypoxemia. Al- 
though occasional secondary polycythemia (8) has been observed in patients with 
granulomatosis, only one (patient A. B.) of those studied here exhibited this 
phenomenon. The infrequency of this response is provocative and in only pa- 
tient W. R. could it have been obscured by chronic blood loss (from renal lithia- 
sis). It is possible that dietary deficiencies, inadequate absorption of constitu- 
ents of hemoglobin, or impaired hemoglobin metabolism related to the general- 
ized beryllium toxicity, may have been responsible. Of particular interest in 
this regard are the observations of other investigators who have noted the ab- 
sence of polycythemia in patients ■with severe chronic anoxemia. Studies on 20 
patients ‘with pulmonary tuberculosis treated by thoracoplasty failed to show any 
evidence of polycythemia despite arterial anoxemia (23). Investigations of the 
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tion to the evolution of the functional impairment and its complications. The 
results of these studies are essentiall}' in accord with those observed by other 
investigators of a similar giunp of patients. The main deviation from normal is 
the hj^erventilation, especiallj' during Avork, compensating for hypoxemia. 
Diminished arterial oxj'^gen saturation is a function of abnormally increased 
alveolar-arterial gradient for oxygen and contracted lung volume, particularly 
complementarj’’ air. One of these patients exhibited polycythemia as a compen- 
satory mechanism. Various stages of cor pulmonale, including congestive heart 
failure due to increased pulmonary resistance, were observed. An unusual 
response to intravenous digoxin and the lack of benefit from cytochrome C 
therapj’^ are recorded. Variations in response to exercise and similarities to 
functional impairment of other chronic pulmonary disease are discussed. 

Addendum 

Two more patients have been studied since the preparation of this report. Each one 
has presented findings similar to the others, but neither has been as far advanced as either 
J. J. or W. R. 


SUMARIO 

Ohsendciones Relativas a las Causas de la Dispnea en la Granulomatosis Pulmonar 
Cronica de los Trdbajadores en Berilio 

Las mediciones de las funciones pulmonar y cardiovascular en descanso y en 
ejercicio en 6 enfermos con granulomatosis pulmonar crdnica se presentan en 
relacion con la evolucidn de la disfuncidn y sus complicaciones. El resultado de 
estos estudios concuerda esencialmente con lo observado por otros investigadores 
en un grupo seme] ante. La principal desviacidn de lo normal consiste en la 
hiperventilacidn, sobre todo durante el trabajo, que compensa la hipoxemia. La 
hiposaturacidn arterial para el oxigeno es efecto de la anormal hipergradiente al- 
veoloarterial para el oxigeno y del disminuido volumen pulmonar, en particular 
para el aire complementario. Uno de los enfermos manifestd policitemia como 
mecanismo compensador. Observaronse varias etapas del “cor pulmonale,” 
incluso insuficiencia cardiaca congestiva debida a hiperresistencia pulmonar. 
Mencidnanse una inusitada respuesta a la digoxina por via venosa y la ineficacia 
de la citocromo-C-terapia. Disciitense las varias reacciones al ejercicio y las 
semejanzas a la disfuncidn ocasionada por otras neumopatias crdnicas. 
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THE ROLE OF PULMONARY CAVITATION IN THE DEVELOPMENT 
OF BACTERIAL RESISTANCE TO STREPTOMYCIN^- = 
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(Received for publication December 22, 1948) 

INTRODUCTION 

The use of antibiotics in combating infection is frequently limited by the 
capacity of microorganisms to develop resistant strains against which the drugs 
are no longer effective. This is particularly true in the case of a chronic disease 
such as tuberculosis and the antibiotic streptomycin which, though an excellent 
bacteriostatic agent, has little bactericidal effect. In the earliest reported in 
vitro studies, as well as the first attempts to use streptomycin in the treatment of 
human tuberculosis (1, 2), the development of highly resistant mycobacterial 
strains was noted. Though much work has been done on this subject during the 
past two years, there is still no clear cut explanation of the factors involved in 
the development of resistant strains of M. tuberculosis. It is evident that ade- 
quate knowledge of these factors would greatly increase the field of usefulness of 
streptomycin. 

That the duration of therapy with streptomycin is one factor in causing the 
development of resistant bacilli has been shown in experimental animals. Steen- 
ken (3), after treating tuberculous guinea pigs with streptomycin for 125 days, 
recovered only nonresistant tubercle bacilli from the animals. Feldman, Karl- 
son, and Hinshaw (4) obtained similar results when infected guinea pigs were 
treated for 60 days, but found that, if treatment was continued for 206 days or 
longer, tubercle bacilli resistant to more than 2,000 y of streptomycin per ml. of 
media could be cultured from the spleen of each animal. Also the data from 
various clinics suggest the important role played by duration of therapy. A 
report from the Veterans Administration Hospitals (5) indicates that after 60 to 
90 days of treatment bacilli resistant to 10 y or more of streptomycin have de- 
veloped in 64 per cent of the patients; after 120 days of therapy more than 78 
per cent of the patients had developed resistant strains. The work of Youmans 
and Karlson (6) and that of Bernstein, D’Esopo and Steenken (7) similarly indi- 
cate the dangers with regard to bacillary changes inherent in long courses of 
streptomycin. 

While the importance of long continued streptomycin therapy in causing 
resistant bacteria to develop is recognized, evidently other factors are of greater 
importance in some cases. For example, Wolins^, Reginster and Steenken 
(8), in reporting on 47 patients treated with streptomycin, obtained one culture 

^ From the William H. Maybury Sanatorium (Detroit Municipal Tuberculosis Sana- 
torium), Northville, Michigan. 

* This investigation was supported (in part) by a grant from the Division of Research 
Grants and Fellowships of the National Institute of Health, U. S. Public Health Service. 
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resistant to 1,000 y of streptomycin per ml. of media after only 29 daj's of therapy, 
while cultures from 11 of the patients remained sensitive to 1.0 7 of streptomycin 
after 12 weeks of therap3^ Howlett and O’Connor (9) obser\’^ed that in 26 
patients ndth disseminated nodular lesions who received streptomycin therap}’- 
the only one who eventuall}' produced tubercle bacilli resistant to 10 7 of strep- 
tomycin was a patient who also had a persistent ca'\dt3\ In this particular 
patient the bacilli eventually became resistant to 1,000 7 of streptomj’^cin. 

Prior to the publication of the last mentioned article, the casual observation 
was made at the Mayburs^ Sanatoriiun that there seems to be a close correlation 
between the presence of cavity and the development of resistant tubercle bacilli. 
To test this observation more carefull}^ an analysis has been made of the data 
obtained from 155 streptomycin-treated patients who have had posttreatment 
resistance studies performed on tubercle bacilli isolated from their sputum or 
gastric contents. 

MATERL\I.S AND METHODS 

The 155 patients included in the present study represent approximately one-haU of the 
adult patients with pulmonary tuberculosis who were treated with streptomycin at the 
Wm. H. Maybury Sanatorium during the interval from November, 1946 to August, 194S. 
The only patients excluded from the study are those on whom no posttreatment determina- 
tions of bacterial sensitivity to streptomycin are available. For most of the sensitivity 
determinations we are indebted to Dr. Cora R. Owen’ of the University of Michigan and to 
Dr. Guy P. Youmans’ of Northwestern University. 

During the twenty month period of the study, six significantly different streptomycin 
dosage schedules were employed; 2 Gm. per day given in divided doses of 0.4 Gm. five times 
daily for 90 days; 1.0 Gm. per day given in divided doses of 0.6 Gm. twice dails' to a total of 
100 Gm. ; 1 .0 Gm. daily given as a single dose for 42 days ; 0.5 Gm. daily given as a single dose 
for S4 days; a dose varying from 0.4 to 0,7 Gm., depending upon the patient’s weight and 
given twice dailj’ for 84 days. In one small series of patients streptomycin was given during 
alternate weeks according to the schedule last mentioned. 

Chest roentgenograms were taken at the beginning of therapy and thereafter at intervals 
of four weeks in most cases ; in the case of patients whose therapy was terminated at the end 
of six weeks the roentgenogram was taken at that time. 

In preparing the correlation tables only a single bacterial sensitivity determination has 
been used for each patient except in 11 instances. In these 11 cases, 2 sensitivity determi- 
nations, made on b.acteria isolated from a single patient at inten'als longer than four weeks, 
have been used. Thus 166 sensitivity determinations, made on bacteria isolated from 155 
patients, are included in the study. In addition to these 166 determinations made during the 
course of streptomycin therap 3 ', or after its completion, 7 pretreatment determinations wore 
done. xV117of these cultures failed to grow in media containing one r of streptomycin per ml. 

Data regarding the presence or absence of cavitation were obtained from the interpreta- 
tion of the roentgenologist as recorded in each p.atient’s chart. If the interpretation was 
equivocal on this point, the original roentgenogram was consulted. The pertinent roent- 
genogram was the one taken at the same time, or near the time, that tubercle bacilli were 
isolated from the patient’s sputum for the sensitivity determination. Since most of the 
sensitivitj* tests were made at the termination of therapj’, this means that in most c.asca the 
patient’s roentgenogram taken at the conclusion of his course of streptomycin determined 
whether or not he should bo classified ns having a cavity. 

RESULTS OF STUDY 

The impossibilitj' of dassif3*ing all cases as definitel3' showing or not .showing 
cavitation soon became apparent. As mentioned above, the original roentgeno- 
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grams were consulted whenever the' recorded reading of the roentgenologist was 
found equivocal. E\’^en with the additional information obtained from subse- 
quent roentgenograms, however, it was frequently impossible to say whether or 
not at a given time definite cavitation was present. Thus, instead of separating 
the cases into two groups, those with and those vdthout cavities, it was found 
necessary to add a third group of cases in which the findings with regard to the 
presence or absence of cavities remained equivocal. In the first group, those 
showing definite cavitation at the time the sensitivity determination was made, 
there are 88 cases. Thirty-seven cases are found in the “equivocal” group, while 
41 cases are included in the noncavity group. In 11 instances, patients who 
showed definite cavitation at the beginning of therapy had completely closed the 
cavity by the time the sensitivity determination was made. In 21 instances, 
patients with cavitation at the beginning of therapy were finally placed in the 
“equivocal” group; Changes in the reverse direction occurred only four times 

TABLE 1 


Data from cases showing cavitalion at the end of streptomycin therapy 


SESISTAKCE TO STEEPTOUVON 

DOTATION OP THEEAPY IN DAYS 

TOTALS 

28 to 41 

42 to 83 

84 to 160 

Number 

Per cent 

Number of cultures 

7 #er mt. 





■■ 


<1 

0 

4 

0 


mm 


1-10 

5 

5 

0 

10 

m 

15.9 

10-100 

2 

12 

■I 

24 

27.3 


100-1,000 

2 


mm 

22 

25.0 


>1,000 

3 


mm 

28 

31.8 

84.1 

<!->!, 000 

12 

45 

31 

88 

100.0 

100.0 


while patients were taking streptomycin and in four instances patients who had 
no cavity at the beginning of therapy had roentgenograms which were considered 
“equivocal” at the time the sensitivity determination was made. 

With 6 exceptions, everj’^ patient who had definite ca\dtation at the beginning 
of therapy had sputum which was positive for acid-fast bacilli on direct smear. 
The 6 exceptions were “positive” only on culture of the sputum. 

The data for the three groups of patients, classified according to duration of 
therapy and the level of streptomycin resistance of the mycobacteria isolated 
from the sputum, are shown in tables 1, 2, and 3. 

Following established custom (5), it is assumed that tubercle bacilli able to 
grow in media containing 10 y of streptomycin per ml. are resistant as far as 
effective clinical therapy is concerned. Using this definition of resistant micro- 
organisms, it will be seen from table 1 that of the patients showing cavitation the 
great majority (84.1 per cent) produced resistant tubercle bacilli. Among the 
cultures obtained 28 to 41 days after the beginning of therapy, 7 of 12, or 58.3 
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per cent, were resistant. In the 42 to 83 day group, 36, or 80 per cent of resistant 
cultures, were found and in the 84 day group all of the cultures were resistant. 

It will be noted that no cultures of tubercle bacilli sensitive to one 7 or less of 
streptomycin were found in the 28 to 41 day group, while four cultures of this 
type were found among patients who had had therapy for 42 to 83 daj’u. This 
obvious aberration can be explained on the basis of the composition of the various 

TABLE 2 


Data from cases in which the evidence of cavitation remained equivocal 



DURATION OF THERAFV IN DAYS 


TOTALS 


RESISTANCE TO STREPXOUYCIN 

28 to 41 

42 to 83 

84 to 160 

Number 

1 ... 



Number o{ cultures 


7 #ef ml. 

<1 

1 

m 

0 

8 

m 


1-10 

2 


3 

25 


89.2 

10-100 

0 


0 

1 

2.7 


100-1,000 

0 


0 

1 

2.7 


>1,000 

0 

H 

1 

2 

5.4 

10.8 

<!->!, 000 

3 

30 

4 

37 

100.0 

100.0 


TABLE 3 


Data from cases showing no cavitation at the end of therapy 


RESISTANCE TO STREPTOUVCIN I 

1 

j 

DURATION OF THERAFY IN DAYS 

TOTALS 

28 to 41 

42 to 83 

84 to 160 

Number 

Percent 

Number of cultures 

■f fCT ml. 







<1 

3 

10 

6 

19 

40. 3 


1-10 

2 

13 

5 

20 

48.8 

95.1 

10-100 

0 

1 

1 

2 

4.9 


100-1,000 

0 

0 

0 

0 

0 


>1,000 

0 

0 

0 

0 

0 

4.9 

<!->!, 000 

5 

24 

12 

1 

41 

100.0 

100.0 


groups as regards dosage schedule. In the first group, the majorit 3 ' of the 12 
patients had been on the 0.5 Gm. schedule, ix., they had received 0.5 Gm. of 
streptomj'cin daily in a single dose. The 42 to 83 day group included onlj' one 
patient who had been on the 0.5 Gm. schedule and 34 who had received 1.0 Gm. 
dailj' in a single dose. The remaining 10 patients had received either 0.5 Gm. 
twice dailj' or 2.0 Gm. dailj* divided into five doses. In the light of these diflercnt 
dosage schedules, the complete absence of any cultures in the 28 to 41 daj' group 
sensitive to one 7 or less of streptomj’cin suggests that the dailj’^ dose of 0.5 Gm. 
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rays and was interpreted as a “filled'’ cavity. The bacilli from 2 of these patients 
were sensitive to 10 t of streptomi'cm; bacilli from the third fell in the 10 to 100 
7 per cc. resistance group. 

In table 3 onty 2 patients (4.9 per cent of the total) are found to have de- 
veloped resistant strains. One of these 2 patients had tuberculous pericarditis 
as well as disseminated pulmonary disease; the other had received streptomycin 
for 115 days, except for one intermission of two weeks, when the resistant culture 
was obtained. 

Of further interest in table 3 is the fact that 6 patients, after treatment with 
streptomycin for 84 days or longer, still harbored tubercle bacilli which were 
sensitive to 1 7 of streptomycin. Five of the 6 began their treatment Avith 
recently formed camties which closed during the course of streptomycin therapy; 
the sixth did not show a cavity at any time. Most of these particular patients 
have been mentioned in a previous article ( 12 ). Subsequent follow-up shows 
that all 6 have become “sputum-negative”; their roentgenograms have shonn 
progressive clearing and their prognosis is excellent. 

The data from the final columns of tables 1 , 2 and 3 are presented graphically 
in figure 1. This chart emphasizes the fact that in the presence of persistent 
cavitation the dcA’^elopment of resistant strains of tubercle bacilli is a significant 
matter. In the absence of cavitation at the end of treatment, resistant strains 
rarely develop. In those cases in which cavitation is equiA'Ocal there is still no 
significant development of resistant strains. 

DISCUSSION 

The data presented above illustrate the marked variation observed in clinical 
cases of tuberculosis Avith regard to the deA'elopment of resistant strains of 
tubercle bacilli. In one group of cases the bacilli remained sensitiA'e to one 7 of 
streptomycin even after 84 days of therapy; in another group resistance to more 
than 1,000 7 of streptomycin developed after only four to six weeks of therapy. 
What is the reason for this A'ariation? Is the dcA^elopment of resistant tubercle 
bacilli, as suggested by Yegian and Vanderlinde (13), merely a consequence of 
the “. . . selection of normally occurring hereditarj’- Amriants that are present in 
the original cell population”? If this AA'ere true, then the bacilli of a patient in 
the first group would remain sensitiA'e because that patient’s “original cell popu- 
lation” did not contain resistant cells, whereas a patient in the second group 
AA-ould be unluckj’’ because amongst his original quota of bacilli there happened 
to be highly resistant cells. In the light of the data AA’hich haA^e been presented, 
this explanation seems unlikely. There is too close a correlation betAveen per- 
sistent eavitation and the dcA’clopment of resistant bacilli to be explainable on 
the basis of mere chance A-ariation in the original cell population. 

One obA'ious reason for the importance of the caA'ity in determining Avhcflicr 
or not resistant bacilli Avill appear is the aa-cH Ioioaati fact that tubercle bacilli 
groAA- much more readily and more rapidly in this location Avhere they haA-c been 
“exteriorized” as far as the ordinarj' defense mechanisms of the body arc con- 
cerned (14). Rapid multiplication is generally accepted ns important in the 
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development of resistant microorganisms (2, 15). Another important character- 
istic of tuberculous cavities, particularly the older, more chronic variety, is that 
their relatively avascular walls (16) militate against streptomycin reaching the 
interior of the cavitj’’ in effective concentration. In one experimental study (17) 
the streptomycin content of sputum from the cavities of patients under therapy 
with 1.8 to 2 Gm. of streptomycin daily was found to vary from a minimum of 1 
y per ml. to a maximum of 18 y per ml. 

Finallj’^, within the tuberculous cavity the tubercle bacillus is frequently able 
to grow in a fluid or semifluid menstruum instead of on the surface of the cells, 
and this may be of considerable importance in bringing about the rapid evolution 
of highly resistant strains. Steenken has stated (18) that strains of tubercle 
bacilli resistant to streptomjmin can be produced much more rapidly when the 
microorganisms are grown in the depths of a liquid medium such as that of 
Dubos (19) than when they are grown as a pellicle on the surface of a medium. 
Ballon and Guemon (20, 21) and Follis (22) have shown that sulfanilamide, 
incorporated in a solid medium, completel}’^ inhibits the growth of tubercle 
bacilli while sulfanilamide in the same concentration in a liquid medium has no 
inhibitoi3>^ effect. These observations suggest that strains of tubercle bacilli 
resistant to sulfanilamide may evolve when the bacteria are grown in liquid but 
not on solid media containing the drug. 

From the data of the present study it is evident that strains of tubercle bacilli 
highly resistant to streptomycin may be produced very rapidly in some cases 
while in other cases the increase in resistance on the part of the tubercle bacillus 
appears to be a gradual process. Demerec (23) has noted a similar behavior in 
the case of the staphylococcus. When this microorganism is submitted to the 
action of streptomycin for a single time, some strains are produced which are 
almost completely resistant while other strains are only slightly more resistant 
than the parent strain. Demerec explained this erratic sort of increase in re- 
sistance to streptomycin on the basis of mutations in genes varying greatly in 
their potency, a mutation in a highly potent gene being responsible for a high 
degree of resistance, a mutation in a less potent gene for a low degree of resistance. 
The hypothesis that similar changes may occur in the case of the tubercle bacillus 
offers an attractive explanation for the observed facts. 

Just how rapidly may highly resistant strains of tubercle bacilli appear? 
Vennesland et al. (24) have demonstrated that tubercle bacilli 10,000 times as 
resistant to streptomj'cin as the original strain may originate from a stock 
laboratory strain of H-37Rv after its exposure to dilute streptomycin for 21 days 
in pubos medium®. With regard to clinical studies, one patient in the present 
series discharged tubercle bacilli resistant to 1,000 y of streptomycin after 28 
daj's of the^apy^ Wolinskj'-, Reginster and Steenken (8) have reported that a 
strain similarly resistant appeared after 29 days of therapy, and McDermott (25) 
noted the appearance of a highly resistant strain after five weeks of therapy. 
The most specific example of the rapid emergence of resistant tubercle bacilli 

This interpretation is different from that of Vennesland et al., who considered that 
na uralljf occurring streptomycin-resistant variants had been demonstrated. 
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has been mentioned by Karlson (26) who made sensitivity tests on tubercle 
bacilli isolated on the dates mentioned below from the sputum of a patient re- 

cei-ving streptomjmin therap}^*. 

DaU oj tpulum 

cuUuTt 

f ef streptomycin per ml. 
of culure medium necessary to 
inhibit grovth 

3-22-46 

0.31 

3-28^6 

0.31 

4- 1-46 

0.31 

4:-l(M6 

0.31 

4-17-46 

0.31 

4-26-46 

0.31 

5- 8^6 

> 1,000 


Thus, after remaining sensitive to 0.31 7 of streptomj’-cin for approximate!}’- sLx 
•weeks, the tubercle bacilli isolated from this particular patient onl}’- 12 da}^ later 
were resistant to more than 1,000 7 of streptomycin. 

It is e'i’ident that the cumulative effect of numerous small step mutations (such 
as were observed by Demerec), should they occur in the tubercle bacillus, would 
eventually produce highly resistant bacilli. Against this explanation in the 
present case is the fact that the growth of the tubercle bacillus is necessarily slow, 
too slow to allow any large number of generations to occur during the 12 day 
interval observed by Karlson. 

In vitro experimental studies indicate that different growiih mechanisms may 
operate for the tubercle bacillus, depending on whether the microorganism is 
grown in liquid or on solid media. Kahn (27) obsen^ed that tubercle bacilli 
growing in a liquid medium pass through a developmental cycle which requires 
17 days for its completion. Tubercle bacilli grooving on solid media do not pass 
through any such cycle but appear to proliferate by direct fission (2S). As long 
as mycobacteria are growing by direct fission, the mycelium which is formed 
might be compared to the continuous growth of one plant, and no great variation 
in the individual cells would be e.xpccted. However, when the bacillus passes 
through a complex cycle of development, there is greater opportunity for the 
mutation of highly potent genes which, in the present case, could bring about 
abruptly the appearance of a strain of bacilli highly resistant to streptomycin. 
Of interest in this regard is the observation of Wolinsky and Steenken (11) that 
tubercle bacilli axposed in a liquid medium to 0.2 7 of streptomycin per ml. 
show no evidence of growth for the first 17 daijs; after this period groni;!! is rapid. 
The appearance of the 17 day interval in the above w'ork and in the cycle ob- 
sen'ed b}' ICahn may bo more than a mere coincidence. Also, the 21 day interval 
found neccssarj' by Venncsland ct al. (24) for the production of tubercle bacilli 
liighl}* resistant to streptomycin is long enough to include the 17 day growth cj'clc. 

Returning to experimental tuberculosis in guinea pigs, Feldman, Ivarlsoti, and 

* In following the development of bacterial resistance in streptomycin-tre.itcd pntients, 
Steenken (IS) has noted that the cultures isolated from a given patient m.ay change from 
Eonsitivc to 0.5 y of strcptomj'cin per ml. to resistant to 1,000 y per ml. in a period of only 
seven daj-s. 
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Hinsbaw (4), as already mentioned, found that treatment of the animals with 
streptomycin for a long period of time (206 days) was necessaiy before highly 
resistant strains of tubercle bacilli appeared. In this respect tubercle bacilli in 
the guinea pig react much as they do in the human patient who has no pulmonary 
ca^^ty. The reason may be the same in both instances, for cavitation is almost 
never seen in ordinary inoculation tuberculosis of guinea pigs. 

The practical implications of the close correlation observed between per- 
sistent cavitation and the development of resistant strains of tubercle bacilli are 
obvious. If there is no cavitation in cases of minimal tuberculosis, the usual 
course of streptomycin might be given to such patients with little or no fear that 
resistant bacilli will develop. If cavitation is present and closure of the cavity 
occurs during the course of therapy, again there is very little danger of the 
development of resistant strains of tubercle bacilli. These facts should influence 
the therapeutic strategj’’ of the physician with regard to each patient; his every 
effort should be directed toward obtaining cavity closure before completion of the 
streptomycin therapy. If the cavitation is very e.Ytensive or of such a character 
that it may not close during the course of streptomycin, the drug should supple- 
ment collapse therapy rather than precede it. 

One other implication has to do with the question of streptomycin-resistant 
tubercle bacilli in patients who have become “sputum negative.” These are the 
patients who have shoum such a good response to streptomycin that it is im- 
possible to recover tubercle bacilli from their sputum at the end of the course of 
therapy. Fears have frequently been expressed, however, that these patients 
might be harboring highly resistant tubercle bacilli in some obscure focus in the 
body. In view of the almost complete absence of resistant bacilli in patients 
without cavitation, these fears seem unfounded. 

Data regarding the development of streptomycin-resistant tubercle bacilli in 
relation to the various dosage schedules employed in the present series of cases 
are too fragmentary to permit any observations other than that the dose of 0.5 
Gm. of streptomycin per day in cases shotoing cavitation appears to be too small 
to prevent the rapid emergence of highly resistant strains of bacilli. Looking 
upon the cavity wall as a semipermeable membrane (relatively impermeable in 
the case of thick-walled cavities), it is evident that a high streptomycin blood 
level, if maintained for only a few hours, might be more effective in producing a 
satisfactory level of streptomycin vuthin the cavity than a lower blood level 
maintained for a longer period of time. Once a fair concentration of strep- 
tomycin has been obtained in the contents of the cavity, this level might be 
expected to remain fairly constant (even after the blood level has fallen) until the 
cavity is emptied. 

Apparently a single 1.0 Gm. dose of streptomycin produces a satisfactorily 
high blood level (29). Thus 1.0 Gm. of streptomycin given in a single dose on 
alternate days might be considerably more effective than 0.5 Gm. of the drug 
given daily. Such a method of “concentrated therapy” at relatively long inter- 
vals might make it possible to avoid the cumulative toxicity of long continued 
daily dosage with streptomycin while maintaining an effective attack against the 
tubercle bacillus. 
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SmtSIARY ANT) COXCEUSIOXS 

One hundred fifty-five cases of pulmonarj’- tuberculosis treated with strep- 
tomj'cin have been analyzed with regard to the emergence of resistant strains of 
tubercle bacilli in relation to the presence or absence of cavities. From the 
analysis the following conclusions seem justified: 

(jf) In the presence of persistent cavitation the emergence of resistant strains 
of tubercle bacilli is a significant matter. 

{2) In the absence of cavitation at the end of the course of therapy, resistant 
strains rarety appear. 

(S) In those cases in which cavitation is equivocal the emergence of resistant 
strains of tubercle bacilli occurs with appreciablj’’ less regularity than in the 
presence of definite cavitation. 

SUAfARIO Y CONCLUSIONES 

El Papcl dc las Cavcrnas Pulntonarcs cn la Produccion dc Rcsistcncia Bactcriana 

a la Eslrcptomicina 

Cinento cincuenta y cinco casos de tuberculosis pulmonar tratados con estrep- 
tomicina son analizados con respccto a la emergencia dc cepas rcsistentcs dc 
bacilos tuberculoses en relacion con la presencia o ausencia de cavcrnas. El 
anitlisis parccc justificar las siguicntcs conclusioncs: 

(1) En presencia de cavcrnas persistcntes la emergencia dc cepas rcsistentcs 
de bacilos tuberculoses cs significativa, 

(2) En ausencia do cavcrnas rara vez aparecen cep.as rcsistentcs al terminar 
la terapdutica. 

(3) En los casos cn los quo cs dudosa la presencia de c.avcrnas, la emergencia 
de cepas tuberculos.as rcsistentcs ocurre con regularidad apreciablementc menor 
que en presencia dc c.avcrnas bion definidas. 
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The Influence of Various Factors Upon the Emergence of Resistant Strains 
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INTRODUCTION 

The frequent emergence of streptom 3 '^cin-resistant strains of tubercle bacilli in 
tuberculous patients treated with streptomj'cin is now a well known phenomenon 
(1 to 25). The great importance of these resistant strains in sharpl}' limiting the 
effectiveness and clinical usefulness of streptom 3 Tin is equal^’- well recognized. 
An increasing number of studies have been stimulated by an interest in possible 
methods for reducing the incidence of streptom 3 'cin-resistant tubercle bacilli and 
for circumventing the therapeutic obstacles which the 3 ’^ create. Of the man}' 
variables which might influence the emergence of resistant strains, interest thus 
far has been largel}' coneentrated upon: (1) variations in the dail}' dose, in the 
frequency of administration and in the total duration of streptomycin treatment 
(the regimen emplo 3 'ed) ; (5) therapeutic combinations of streptom 3 ’cin and other 
drugs. Up to the present time little attention has been given to possible 
influences inherent in the patient or in the tuberculous disease being treated. 

In a detailed report of the stud}' at the Laurel Heights Sanatorium of strep- 
tom 3 'cin in pulmonar}' (and bronchopulmonai}') tuberculosis (7) which was sub- 
mitted in Februar}', 1948, anab'sis of sensitivity data available at the time 
resulted in the following comments: 

“Among patients on Regimen A or B [1.8 or 2.0 Gm. of streptomycin daily for 120 dny.sl 
strains requiring 50 y per cc. or more for inhibition* emerged only among those p.atients 
with friink caseation or c.avitation. ... It appears from our study that lesions in which 
caseation and c.avitation were prominent were not only least likely to show adcqu.ato ther- 
apeutic response to streptomycin alone, but were also most likely to produce strains of 
organisms with significant resistance to the drug.” 

‘ From the Laurel Heights State Tuberculosis Sanatorium, Siielton, Connecticut, and 
the Department of Internal Medicine, Yale University .School of Medicine. 

' This study is p.art of the Streptomycin-Tuberculosis Research Project of the American 
Trudeau Socictj', Medical Section of the National Tuberculosis A.ssociation. Streptomycin 
used in the earlier portion of the study %vas generously donated to the .Society by the 
Abbott Laboratories, Eli Lilly and Company, ^Icrck and Company, Inc., Charles Pfircr and 
Company, Inc., E. R. Squibb and Sons, and the Upjohn Company. Subsequently the 
study was continued as part of the Comparative Regimens Study of the U. .S. Public 
Health Service. 

’ This study w.as aided by grants from the Division of Research Grants and Fcllowshifi-s 
of the National Institute of Ile.allh, U. S. Public Health .Service, and from the Fluid Re- 
se.arch Fund of Yale University School of Medicine. 

* With the technical ns.sistancc of Mr. John Vadney, .Mr. Hilary Morris, .Miss Elc.ano.'.i 
Falco, and .^Ir. .Adolph Maruschak. 

‘ Since the teats used in this study contained no dilution between 10 and 50 7 of strepto- 
mycin per cc., this could .also Ite stated .a.s "strains uninhibited by 10 y per cc. or 
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tuberculosis treated witli tubercle bacilli (uninbibited by 10 7 per 

It was observed that resistant s patients with disseminated 

cc. of streptomycin) occurred in present. There was a 

nodular pulmonary tubercle bacilli in a group of 

similar complete absence of Ing } f persistently active but 

termed “grumblers”, vho vere treated for o MOT 5 ^ these two 

indolent chronic in patients with frankly caseous 

croups was in marked contrast to of highly resistant strains had 

or cavernous disease in whom the was administered 

occurred with significant frequency, eve a very significant 

for only 42 days. Again, ^'^^®^‘^^°^’ , t ij?fcin.resistant tubercle bacilli and 
relationsliip between the incidence of streptomj cm 

the iypa of tuberculosis treated. . on a considerably larger nuinber 

Complete sensitivity data are non tuberculosis. The prmcipal 

of patients treated for various tjiies of P?™°^ relationships, (I) between 

purpose of the present report is to "'""yf.'^^^^^^^ncilli and the treatment regimen 

LLidenceof streptomycin-re.stant^^^^^^^^^ ,^, 3 ,ole bacUli 

employed; ( 2 ) between the mcidence 
and the type of pulmonary tuberculosis bemg tr 


ANALTSIS OP SENSITIVITY DATA 

Materials and Methods d f ts were col- 

Specimens of sputum or gastric contents ^[““ ^PA^TheL specimens 

^ e X— onrl «f romiln.nntGrVfllB trUCrCSlv • ^ ^ ?lir xVu,»o nen1n.+.R(1 W6r6 


Specimens of sputum or gastric contents 

lectedbeforetreatmentandatre^arintervaBthereafter^^^^^ 

on solid media at the Laurel Heights Sanatorium and ^ the patients m this 

then tested for sensitivity. Se^itmty t^sts on of the present 

report were performed at the Yale University rpcarding the method employed, 

writers who have reported elsewhere (9, 10) deta g medium and the sub- 

Briefiy. the bacilli were first subcultured in a medium which contained the fol- 

culture was used for the inoculation o^,tubes of the sa 1^000 t- per 

lowing dilutions of streptomycin : 0 'I ^ration of streptomycin in which no 

cc. Sensitivity was determined as the lowest c°nce J ot ST'-C. Very recently 

growth could be detected after ten performed, instead, at the Tru- 

the sensitivity tests for the Laurel Heights study h medium containing 0 

deau Laboratory by Steenken (11) and his associa , b liowever, complete sensi- 
(control), 1.0, 10, and 100 7 of streptomycin Per ^ patients. _ 

tivity data from this source have become ° other reports submitted on 

For purposes of this analysis (and for regimens which have been 

patients in the Laurel Heights study) the streptomyci 
explored are designated as follows: 

Regimen A: 1.8 Gm. daily for 120 days. 

Regimen B : 2.0 Gm. daily for 120 days. j on me per kg. of body weight daily 

Regimen C : 1.0 Gm. daily for 42 days, later revised to 20 mg. P s 

for 45 days. • i j oil v two consecutive days per week (with 

Regimen III: 40 mg. per kg. of ^^ody weight da y , 
no streptomycin on the other days of the Y®® ^ j gg days. 

Regimen IV : 20 mg. per kg. of body weight uany . ^ ^ these two regimens are 

Because of the close similarity of Regimens A and B, patients 
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• A <-vK "R frnnlc casButioii or CEvity 
among the 28 patients treated on .^‘^^imens , 

“s Heed to have been P'f on Eegtoen C. frank ease- 

in 10 (36 per cent). Among the ^ P^ „j.esent prior to treatment m 26 (oo per 

ation or cavitjMvas judged to have b P no apparent basis for 

cent), absent in 21 (4o per cent)^ Th^. streptomyem- 

Analysis by Types o/ P«b«onary 

For this analysis. present prior to treat- 

txvo broad categories according to t P r ^ interpretation of pre- 

ment. The division has 

treatment roentgenograms, although tnis ime p 


Eesistant (> 10 y) 
Intermediate: a) 10 y 
b) 5 7 

Sensitive (0.5 or 1.0 7 ) 
Indeterminate* 



28 (100%) 


exgihew c 

PATIESTS AND PER CENT 


8 ( 17 %: 


13 (28 % ) 

10 ( 21 %) 

19 (40%) 
5 (11%) 

47 ( 100 %) 


. Last positha caltara during ““ISu 

(10 patients) but Tvitb cultures consistentlj negative p 

subsequently. 

c riiniTt; Planigrams were used freely 
edge of colatcral clinical and laboratoi,’ n | ^ y ^Lle on examination of 
wtoever the presence of catdty was considered quest.o 

the conventional films. indeed to have been present prior 

On this basis, frank caseation or cavity wa 3 6 deemed to 

to treatment in 56 patients, while m 3 pa 1 groups are re- 

be frankly caseous or cavernous. Sensitivity data 

corded in table 2. _ recorded in table 2 : 18 (32 per cent) 

Of the 56 patients with caseation or cavity treated on Regimen C, 

were treated on Regimen A or B, 26 ( ^ pe ^gj.g treated on 

4 (7 per cent) were treated on Regimen 111, ana o v ^g^g^ded in table 2: 

Regimen IV. Of the 31 patients without caseat ^^^.g 

10 (32 per cent) were treated on Regimen g^^ity, therefore, a 

treated on Begimen C’. In the group 

’ In a few patients there were slight deviations ' tj^an minor. When toxic 

exact regimens listed, but in no instance was sue terminated within less than 42 days , 

manifestations of streptomycin caused treatment to be termina 

the patient has been excluded from this report. 
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isms in sufficient numbers to support growth. An unknown proportion of the 
patient’s bacilli may still be far more sensitive than such a reading indicates. 
These variables lead to reservations in the interpretation of sensitivity data now 
available, especiall}’’ when results from one laboratory are compared with those 
from another in which different methods were employed. For this report, how- 
ever, all the tests recorded in table 1 and all but a very few of those recorded in 
table 2 were performed in the same laboratory by the same method. Moreover, 
the sensitivity level reported for each patient’s bacilli is generally based on 
repeated tests performed both during and after treatment. Thus the influence 
of technical factors upon the comparative data in the groups reported here has 
been minimized. 

It is difficult to establish an absolutely uniform relationship between in vitro 
resistance and in vivo resistance. This is not surprising when one considers not 
only the variables listed in the preceding paragraph but also the variables in the 
spontaneous behavior of pulmonary tuberculosis which have always made 
accurate evaluation of a single factor so difficult. Nevertheless, as Walker (17) 
has said (in summarizing data from the joint streptomycin study of the Army, 
Navy, and Veterans Administration), there is an accumulating mass of evidence, 
no one piece decisive in itself, which indicates that the observation of in vitro 
resistance has very real clinical significance. Experience in the Laurel Heights 
study strongly supports this conclusion. To say the least, streptomycin is very 
unlikely to affect a patient’s clinical course favorably, once resistant strains of 
tubercle bacilli appear in sufficient numbers to be demonstrated by the tests in 
liquid media which have been generally employed thus far in the study of this 
phenomenon. 

The exact level at which in vitro resistance become clinically significant is far 
more dubious. On the basis of both theoretical considerations and practical 
experience (11, 17, 18, 19, 20) there appears to be good reason for classifying as 
significantly resistant those strains of tubercle bacilli which grow readily in 
culture media containing 10 y of streptomycin per cc. and which require 50 y per 
cc. or more to inhibit growth. Certainly bacilli which do not grow in concen- 
trations of 1.0 7 per cc. or less must be considered highly sensitive. Patients 
who discharge bacilli with in vitro sensitivity between these two extremes have 
been tabulated separately in table 2. 

The total incidence of streptomycin-resistant strains of tubercle bacilli en- 
countered in this study (28 per cent of all patients included in table 1, 38 per cent 
of all patients included in table 2) is considerably lower than that reported from 
certain other sources (11, 17, 20, 21). It is possible that this difference results 
in part from the variables already discussed. It is undoubtedly a consequence, 
in part, to a difference in the method of reporting. In this report, the incidence 
of drug-resistant strains is expressed as a percentage of the total number of 
patients in a given category; in other reports the incidence has usually been 
expressed as a percentage of the number of positive cultures (or of patients 
producing positive cultures) at a specified interval of time after the start of treat- 
ment. It is believed, however, that a difference in case material is the most im- 
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from two to ten months after treatment had been completed. In every instance 
tubercle bacilli in the posttreatment specimen were sensitive to 10 j per cc. or 
less, and in 6 of the 8 the bacilli were still sensitive to 0.5 or 1.0 y. This ex- 
perience is, however, different from that of Fisher (11) who found resistant strains 
in posttreatment specimens from approximately one-half of his patients who had 
obtained temporarj’’ bacteriologic conversion but had had recurrence of positive 
sputum three to twelve months later. (Fisher does not state whether or not 
resistant strains had alread 5 '^ been obsenmd in any of these patients prior to tempo- 
rary sputum conversion.) At the present time one is compelled to regard sensi- 
tivity as indeterminate until the effect of the entire course of streptomycin 
treatment is definitely known. 

The Influence of ihe Type of Pulmonary Tuberculosis upon 
Sensitivity of M. Tuberculosis to Streptomycin 

Although the number of patients in table 2 is not large, the relationship 
between the type of tuberculosis being treated and the incidence of resistant 
tubercle bacilli appears far too close to be the result merely of chance. The 
patients in table 2 have been divided onty into two broad categories of disease. 
Further subdi’idsion would result in such small groups that the significance of any 
correlation obsen-ed might be questionable. It should be stated, however, that 
most (though not all) of the patients who had no frankly caseous or cavernous 
lesions Were patients with the t}T}es of subacute or chronic pulmonary tubercu- 
losis mentioned pre\’iously, namelj’^ those with disseminated nodular pulmonaiy 
tuberculosis and those termed “grumblers” (8). ’ In these patients, the tubercu- 
losis, while obviously active, was generally rather indolent in character. In 
contrast, the majority of the patients with frank caseation or cavity were treated 
for disease of much greater activity. In a considerable munber, the tuberculosis 
was very active and rapidly progressive when treatment was started. It is 
believed that the activity of the tuberculosis was also a factor pertinent to the 
higher incidence of resistant strains in the caseous-cavernous group. 

During the early experience with streptomycin in Great Britain, which was 
recently reported (21), treatment of pulmonary tuberculosis was confined to 
acute progressive tuberculosis of “bronchopneumonic” type, with or without 
cavity, in patients between the ages of fifteen and thirty. On the basis of sensi- 
tivity data from 41 such patients, it was concluded that there is a possibility of a 
relationship between the severity of the patients’ clinical condition (high fever, 
large or multiple cavities) just prior to treatment and the development of high 
degrees of streptomycin-resistance. Also, Crofton and Mitchison (22), who 
participated in this cooperative British study, hav4 analyzed data from 13 of 
their own patients. They found that resistant strains occurred earlier and that 
resistance reached higher levels in patients who did poorly during the early stages 
of streptom 3 ’-cin treatment than in patients who responded promptly and 
favorably. 

In the Laurel Heights studj’-, patients severely ill with the acute pneumonic 
forms of pulmonary tuberculosis have been relatively few. Included in table 2 
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presence of caseation or cavity on the basis of roentgenograms. In fact, even 
vrhen frank caseation or cavity could not be demonstrated in the patients reported 
here, it is extremely likely that small foci of caseation often existed. Also, since 
tubercle bacilli were present in the sputum or gastric contents of all patients, it 
must be assumed that some degree of ulceration was present. In other words, 
it is well recognized that interpretations based largely on roentgenograms are 
bound to fall far short of strict pathological accuracy. Nevertheless, such inter- 
pretations have been made by phthisiologists long before the advent of strep- 
toms'cin, and have long been used as an important guide to the management of 
patients. The practical value of such interpretations can scarcely be questioned. 

The presence or absence of frank caseation or cavity, as judged from roent- 
genograms, has already been shown to influence greatly the therapeutic results 
obtained from streptomycin (7, 11, 17, 19, 23). It is not unreasonable that the 
incidence of resistant tubercle bacilli should also be influenced. It is in such 
lesions (and especially in the highly active and progressive ones) that tubercle 
bacilli are likely to be most numerous, that multiplication is likely to be most 
rapid, and that suppression by streptomycin is likely to be most limited. 

In the present study the classification of patients on this basis actually pre- 
sented little diflSculty, although, naturally, borderline cases arose. The vast 
majority of patients judged to have caseous disease also had definite and clearly 
demonstrable cavity. In fact only 2 patients were placed in this category on the 
basis of caseation alone. In instances where small cavity was suspected but 
could not be definitely outlined, cavity was judged not to be present for purposes 
of classification. 

Follow-up of patients treated at the Laurel Heights Sanatorium (7) has 
strengthened the conclusion that, when treatment by bed rest has failed, strep- 
tomycin alone is unlikely to produce sustained arrest of frankly caseous or 
cavernous pulmonary tuberculosis. In such cases, optimum results can be 
achieved only by the integration of streptomycin with appropriate forms of 
collapse therapy, resection, or other surge^3^ The observation that strains of 
tubercle bacilli resistant to streptomycin are especiall}’’ likely to emerge, and that 
they often emerge rapidly in patients vdth frank caseation or ca^^ty, further 
emphasizes the importance of an overall plan of therapy in such cases. It is only 
in this way that appropriate collapse therapy or other surgery can be applied 
promptly, early in the course of streptomycin therapj’-, before resistant strains 
emerge and prevent further benefit from’ the drug. 

SUMJIAEY 

1. Data on the sensitivity of tubercle bacilli to streptomycin have been pre- 
sented in a series of patients treated with streptomycin for pulmonarj'- tubercu- 
losis. All were treated for 42 days or longer. Among these patients, the risk of 
streptomycin resistance proved to be related far more closely to the type of 
tuberculosis being treated than to the particular treatment regimen chosen. The 
presence or absence of frank caseation or ca^nty appeared to be the factor which 
most consistently influenced the liability to resistant strains. 
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caseacidn o caverna en las radiografias anteriores al tratamiento. Ea un grupo 
de 56 de estos enfermos, tratados con los varios r4gimenes empleados en el es- 
tudio actual, surgieron con el tiempo cepas que no inhiblan 10 y de estrepto- 
micina por cc. de medio de cultivo en 33 (59 por ciento). En contraposici6n 
(e independiente del regimen terap^utico empleado), hasta la fecha no se ban 
observado cepas que no inbibieran 10 y por cc. o menos en ninguno de los 31 
enfermos que no tenlan lesiones francamente caseosas o cavernosas antes del 
tratamiento. 
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COEXISTING DISSEMINATED COCCIDIOIDOMYCOSIS AND 

TUBERCULOSIS’ ' = 

Report of a Case 

GEORGE M. I'lRESTOXE AND ELLIS S. BENSON 
(Received for publication September 21, 191S) 

INTRODUCTION 

Coccidioidomycosis has become a well recognized and clearly defined disease 
entity and many excellent studies have been made of its cpidemiologj', patho- 
genesis, clinical manifestations, and pathologj' (3, 8, 11). Although the parall- 
lelism of coccidioidomycosis and tuberculosis has been well studied (9), there 
have been only five reports (1, -1, 5, C, 10) of the coe.xislence of the two diseases 
in the same indi\'idual. The present report is concerned with a sixth case, 
tvhich is apparently the first observation of the association of dtsscminalcd 
coccidioidomycosis with tuberculosis and in which the dual etiologj' was pro^'ed 
both by culture and by animal inoculation. It is believed that this case mani- 
fests many epidemiologic, therapeutic, and pathologic features of unusual interest. 

C.\SE REPORT 

Clinical Course 

The patient was a 34 year old white single enlisted man who had been well, except for a 
chronic “cigarette cough” until early .August, 1942, wlien he was stationed at an Armj* 
Camp at Compton, C.alifornia, some twenty miles south of Los Angeles. Ho had been 
stationed at Compton less than one month prior to the onset of symptoms, but had resided 
in San Diego, C.alifornia, from November, 1941 to June, 1942. Initial symptoms consisted 
of a stiffness and soreness in the right anterior cervical region. In mid-August, because of 
this pain, a right lower tooth was pulled. Toward the end of August he noticed a gradual 
increase in size of the anterior cervical nodes, especially the right. This was associated 
with an aching in his neck which was aggravated by dorsifle.xiou and which kept him awake 
at night. During the month of August his cough increased in severity, and he developed 
general malaise, anore.xia, and dysphagia. 

The patient’s past health had been excellent. He had measles and mumps in childhood, 
and lobar pneumonia at age 16, There is no history of tuberculosis or other chronic disease 
in himself or his family. 

On admission to the 73rd Evacuation Hospital, on September 3, 1942, the patient ap- 
peared to be a chronically ill malnourished individual. He had a small superficial nodule 
with intact dermis and surrounding erythema on the forehead and another over the left 
scapula. There was a 3 cm. tender hard mass anterior to the right sternocleidomastoid 
muscle, as well as somewhat tender nodes varying in size from “shotty” to “pigeon egg” 
in both a.villae and right and left anterior and posterior cervical chains. Severe p 5 'orrhea 
was present. The remainder of the physical examination was negative. 


^ From the Tuberculosis and Pathologj' Services of the hlinneapolis Veterans Admin- 
istration Hospital and the Departments of Medicine and Pathology of the University of 
hlinnesota IMedical School. 

- Published with the permission of the Chief Medical Director, Department of Medicine 
and Surgery, Veterans Administration, who assumes no responsibility for the opinions 
expressed or the conclusions drawn bj’’ the author. 
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this period (he local skin lesions were excised nud treated with roentgen thcrap\’. It was 
noted that gradually the old skin lesions healed completely although a new papule de- 
veloped on the ramus of the jaw. The lesions demonstrable on the chest roentgenograms 
cleared and the temjierature gradualh' became normal. 

On January IG, 1013, the patient was transferred to McCloskcy General Hospital where, 
upon admission, it was noted that he felt well, had no cough and no fever. Examination 
disclosed the well healed scars of the old lesions on the forehead, scapula, occiput, and ster- 
num, with an active crusted lesion present on the ramus of the jaw. Otherwise the pln-sical 
examination revealed no relevant abnormalities. 

Roentgenograms taken at the time of admission showed pleural thickening in the right 
apex and an infiltration behind the right clavicle, which did not change on subsequent ex- 
aminations through July 10, 1914. The apex of the left lung w.as clear. Films of the 
cervic.al spine were negative except for the presence of hypertrophic changes about the 
vertebral bodies. There was no essential change in the red cell count or hemoglobin. 
The white blood cell count ranged between 5,950 and 0,000 per cu.mm, with? to 21 per cent 
eosinophils. A skin te.st for tuberculosis using Purified Protein Derivative (first strength) 
was positive in IMaj', 1943, but thirteen seiiarale sputum e.vaminations for acid-fast bacilli 
were negative. Except for one po.sitivc culture in March, sputum cultures for Coccidioidcs 
immiiis were all negative during 1953. One feces culture for Coccidioidcs was reported 
positive in February, 1943. A guinea pig inoculation of material from a skin lesion was 
positive for Coccidioidcs immitis in June, 1943. IJiopsies of the skin lesions were rciiorted 
to show coccidioidal granuloma in February and May, 1943. 

Skin tests with coccidioidin 1 :1,000 and 1:100 were negative in March and October 1943. 
In December 1943, complement fhx.ation tests showed a two plus reaction in the dilution of 
I:G4. The precipitin test was negative. 

During 1943 the patient had only occ.asional episodes of low grade fever. In February, 
1943, new lesions appeared on the sternum and perineum, and these, .as well as active lesions 
on the nose, forehead, and left lower mandible were treated with surgical cautery, with 
temporary benefit. 

From jMaj-, 1943 to January, 1944, the patient received several courses of saturated 
solution of potassium iodide in doses which ranged between 3.0 and S.O cc. .administered 
three times daily. .Although some healing of the lesions occurred during this therapy, 
they invariably relapsed when the iodide w.as discontinued. Moreover, the iodide therapy 
was accompanied by a transient enlargement of the thyroid. 

On September 11, 1944, the thyroid was noted to be normal to p.alpation, the skin lesions 
were quiescent, and the patient was given a medical discharge from the Arm}'. 

The patient returned to his home in Minnesota, but was unable to return to work. A 
note in Ids record, dated September IS, 1944, states that there was no active evidence of 
disease. 

The patient w.as admitted to the Minneapolis Veterans .Administration Hospit.al in 
January, 1945, at which time it was noted that he felt f.airly well but was still very weak. 
He had been taking potassium iodide irregularly and had noted that occasionally his 
thj'Toid would “swell up.” Except for his appearance of malnutrition, physical examina- 
tion revealed no evidence of active disease. 

Roentgenograms at this time demonstrated old well-defined infiltrates in the right apex, 
right fourth anterior interspace,and left base, as well as a diffuse soft lesion in the left 
anterior second interspace (figure 2.A). He was discharged after this examination. 

A letter dated February 25, 1945, from his physician states that the patient had been 
unable to work because of marked fatigue. An active granulomatous ulcerating lesion 
had appeared on his nose for which he was taking potassium iodide, 5.0 cc. daily, without 
effect. 

Roentgenograms in May, 1945 showed some increase in lesions in the right and left 
subapical regions. The urinalysis was negative and the hemogram was normal. One 
sputum examination was negative for Coccidioidcs immilis. The basal metabolism rate 
was plus 27. Serologic tests for syphilis were negative. 
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Roentgenograms of the long bones and skull were all normal in December, 1947. An 
intravenous pyelogram in December was also normal. Roentgenograms of the chest on 
admission (figure 2B) showed, in addition to the previousl}”^ described metallic densities, 
diffuse exudative aird nodular infiltrations radiating outward from the hilura through 
both lung fields, characteristic of a recent bronchogenic dissemination of tuberculosis or of 
a widespread mycotic infection. In Januar}', 1948, roentgenograms showed clearly, for 
the first time, evidence of bilateral cavitation chiefly involving the upper lobes. On Febru- 
ary 7, 194S, in addition (figure 2C), a diffuse miliarj’^ dissemination was seen throughout 
both lung fields. 

Results of serologic and bacteriologic examinations pertaining to coccidioidomycosis 
and tuberculosis are given in table 1. 



Fig. 2A. Roentgenogram in 1945, three years after onset, showing infiltration in left 
third interspace, right apex and right base. 

Goccidioidin skin test (1:1,000 and 1:100), each performed twice, were negative. Tuber- 
culin skin test (PPD ^1 and PPD ?(f2) were negative. Heterophile antibody and cold 
agglutination tests were negative. 

Examination of material obtained by biopsies of the skin lesion and of the tonsil showed 
definite granulomatous changes with true tubercle formation. In the material obtained 
from the skin many typical double contoured spherules containing endospores were seen. 
Special staining failed to show acid-fast organisms in the skin lesion. Fewer spherules 
were seen in the tonsilar lesions and here many acid-fast organisms were demonstrated. 
Sectioned and smeared material from the sternal marrow and from the sputum showed no 
organisms or granulomas. 

Seven relatives of the patient, with whom he had been in close association since discharge 
from the Army, including the patient’s mother, were skin tested with coccidioidin in dilu- 
tion 1:100. All were negative at twenty-four and forty-eight hours. 

Cerebrospinal fluid examination on December 16, 1947, was negative. On Januar 3 ’- 15, 
the c.s.f. sugar was 63 mg, per 100 cc., the protein was 62 mg. per 100 cc. and microscopic 
examination disclosed SS white blood cells per cu. mm., of which 90 per cent were mono- 
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creased markedly. No new skin lesions appeared after January 12, and the dermatitis ne%’er 
again became as aetive as it had been in mid-JanuarJ^ 

On February 7, the patient rapidlj’’ became more dj-spneic and weaker. The resjjira- 
tions were shallow, and the rate was 30 per minute. The pulse rose to 14S and the rectal 
temperature to 101° F. The pulse, temperature, and respiratory rates remainded elevated. 
Fine scattered rales and occasional wheezes were heard throughout the chest. The blood 
pressure remained at 84/60 mm. of mercury. A chest roentgenogram revealed the presence 
of a miliary dissemination. The patient became c}"anotic and o.vj-gen was given. On 
February 9, a pleural-pericardial friction rub was heard, and three days later a pleural 
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Scattered throughout the sections of the lungs examined, in addition to the above type 
of granuloma, there were also seen numerous small and large masses of compact caseous 
necrotic material surrounded by epithelioid cells, multinucleated giant cells of the Lang- 
hans’ t3T)e, and small lymphocytes. The pulmonary parenchyma was completely de- 
stroyed in these areas. Acid-fast stains revealed that many of these latter contained acid- 
fast bacilli in the zones of epithelioid and giant cell reaction. An occasional Coccidioides 
immtiis cell was seen at the periphery of one of the small lesions of this type. 

Sections of one of the cavities in the lungs revealed it to be lined by a loose fibrous cap- 
sule and to be filled with a dense mononuclear cell exudate, chiefl3' composed of plasma 
cells, but also containing macrophages and multinucleated giant cells in a loose fibrous 
tissue network. There were numerous coccidioidal organisms seen, most of which were in 
the giant cells and macrophages. The central portion of the cavity was seen to contain 
basophilic necrotic debris in loose clumps. 

The spleen contained numerous small scattered granulomas, which contained large 
multinucleated giant cells, a few small lymphocytes, and plasma cells, and shreds of necrotic 
debris at their centers, with surrounding epithelioid cells and concentric rings of loose 
fibrous tissue. Occasional granulomas also contained neutrophils and eosinophils. Spher- 
ules of Coccidioides immitis were found in the granulomas, usually within giant cells. 

The liver lobules contained a few of the same type of small granulomas, with organisms 
of Coccidioides immilis. The portal spaces were difi'usely infiltrated by lymphocytes, 
plasma cells and a few eosinophils, and contained an occasional multinucleated giant cell. 

The entire central portion of the right adrenal gland was replaced by large masses of 
caseous necrotic material, with only a thin rim of intact cortical cells. This material was 
surrounded bj’' a broad zone of cellular reaction composed of masses of polymorphonuclear 
leukocytes, some small lymphocj'tes and plasma cells, and scattered eosinophils. The neu- 
trophils lay in dense pockets resembling small abscesses. There were a great number of 
coccidioidal organisms in both the caseous area and the surrounding reaction zone. Some 
of these were filled with or were discharging endospores which lay in proximity to small 
abscesses. Most of the organisms in the cellular zone were within giant cells. The left 
adrenal gland was similarly involved. 

The ulcers in the ileum extended to or through the muscularis mucosa, had necrotic 
bases and undermined edges. Under the necrotic base was found a broad zone densely 
infiltrated bj”- small lymphocj'tes and plasma cells and containing scattered tubercles with 
caseous necrotic centers. No coccidioidal organisms were seen but special staining re- 
vealed the presence of numerous acid-fast bacilli. 

The small cavitj’ in the left kidnej' contained clumps of slightlj' basophilic necrotic 
debris, manj'- neutrophils, and a few mononuclear leukocytes. Spherules of Coccidioides 
laj’ chieflj' in giant multinucleated or large mononucleated cells in the peripheral portions 
of the cavitj'. The wall of the cavity was composed of a dense zone of polymorphonuclear 
leukocj’tes. Scattered throughout the remainder of the cortex and medulla of both kid- 
neys were numerous small granulomas resembling those in the spleen, but containing a 
greater number of eosinophils and spherules. 

The ducts and acini of the prostate contained numerous abscesses filled with neutrophils 
and spherules. Many of the spherules contained endospores. The abscesses were sur- 
rounded bj* a zone of chronic granulation tissue, containing chieflj' plasma cells, some 
lymphocj'tes, eosinophils and occasional spherules. 

The seminal vesicles were distended with caseous necrotic material and their epithelial 
lining was largelj' destroj’ed. The necrotic masses were surrounded by zones of epithelioid 
cells and Ij’mphocj'tes e.xtending into the surrounding stroma. No organisms of Coccidioides 
were seen, but numerous acid-fast bacilli were demonstrable with appropriate staining. 
The distal portions of the ducti deferens were similarlj* involved, but the epididymis was 
free of involvement. 

The thjToid gland contained a few small coccidioidal granulomas located within the 
interlobular connective tissue, which was partially’ hyalinized. The lobules were free of 
cellular infiltrate. 
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these cultures were groivn on Saboui’aud’s agar at room temperature. Positive 
cultures had an abundant white cottonj' groirth in four to five days. From five 
to seven days later the growth had acquired a more fluffy appearance. Some 
of the growth was removed at this time from one representative culture (kidney 
abscess) and suspended in saline. On microscopic examination numerous chlam- 
ydospores were seen. This suspension w^s then injected intraperitoneally into 
a male guinea pig. After three weeks the guinea pig was given an intradermal 
injection of coccidioidin, 1:1,000. The test was read in thirty-six hours and 
was positive. The animal was then sacrificed. Tjqiical spherules were re- 
covered from an abscess of a testicle on direct smear. This process w'as repeated 
on cultures of the urine and cerebrospinal fluid, with positive results in the 
latter. Both the testicles and spleen of the test animal were found to contain 
granulomas filled with organisms of Coccidioides iminitis on histologic examina- 
tion.'* 

A record of the cultures for M. iuberctdosis is also presented in table 1. Ma- 
terial for culture was concentrated and poured onto a slant of Petragagni’s 
medium, then incubated at 37.5° C. for three to eight w'eeks. Positive cultures 
had yellow, flaky, rough colonies which were as a rule identified on macroscopic 
examination. Questionably positive cultures were further investigated by 
examination of a direct smear of the cultures. The guinea pigs were inoculated 
subcutaneously in the abdomen and intramuscularly in the groin with spinal 
fluid and sputum concentrates. After two months, the animals were sacrificed 
and examined for the presence of gross miliary tubercles in the spleen and liver. 
Using this method, only the sputum w'as found to contain ilf. tuberculosis. 

A culture on Sabouraud’s medium, obtained antemortem from the skin 
lesions, was sent to Dr. Robert M. Allen of the University of Nebraska College of 
Medicine. He injected the culture into mice and found coccidioidal spherules 
on histologic examination. 


DISCUSSION 

Histologic evidence of coccidioidal infection in this case was foimd in the 
lungs, liver, spleen, adrenals, kidneys, prostate, thyroid, meninges, brain, skin, 
hilar and mediastinal lymph nodes, and tonsils. There were two tjqies of 
histologic response to the Coccidioides invasion. The first type, a granuloma 
composed of multinucleated giant cells surrounded by a loose net of epithelioid 
cells was seen throughout the organs involved. The second type, a typical 
suppurative lesion, was seen chiefly in the prostate and kidney. A gradation 
between these two tjqies of tissue reaction was seen in the adrenals. 

The granulomas in which Coccidioides immitis predominated differed from 
the tuberculous granulomas in their lack of caseation and less compact structure 
of the epithelioid cells (figure 3). The giant cells of the coccidioides granulomas 
did not show the regular peripheral crescentic placing of the nuclei as found in 

It may be noted that, at least in this laboratory, the testicle of the male guinea pig 
proved the most frequent site of growth of the coccidioidal organism after injection of 
culture suspensions. No growth was found after injection of culture suspensions into 
female guinea pigs. 
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obvious change in the course of the tuberculosis. It is not possible on the basis 
of this cadence to draw any definite conclusion as regards the influence of 
potassium iodide on tuberculosis. 

Neither can conclusions be drawn in regard to the use of massive doses of 
\dtamin Dj in coccidioidomycosis of the skin. However, the coccidioidal lesions 
cleared sufficiently during the period of administration of calciferol to warrant 
further clinical trial of the drug. 

Perhaps the most interesting observation was that of the differential effect 
of streptomycin, which it is believed definitelj' aided the healing of the patient’s 
pharyngeal tuberculosis, while his coccidioidomycosis grew worse. 

SUMMARY AND CONCLUSION 

A case of disseminated coccidioidomycosis which lasted for si.v years and was 
complicated by active tuberculosis is presented. The two diseases seemed to 
occur coincidentally, the individual coccidioidal granulomas being devoid of 
acid-fast bacilli, and the tubercles containing only a few Coccidioides spherules 
at the iieriphery. The coccidioidomycosis terminated in a miliary dissenuna- 
tion throughout the body, including the brain and prostate, as well as the more 
usual sites, but did not involve the bowel or renal pelves. The tuberculosis 
presented a definite “secondarj’’” or “adult” type of distribution in the lungs, 
pharynx, and bowel, as well as a hematogenous dissemination to the seminal 
vesicles. 

Streptomycin was of definite value in controlling the tuberculosis but did not 
affect the coccidioidomycosis, whereas potassium iodide and vitamin Do in 
massive doses seemed to decrease some manifestations of the coccidioidomycosis. 
It is suggested that the latter drugs be given further trial in cutaneous cocci- 
dioidomycosis. 

SUMARIO Y CONCLUSIONES 

Coccidioidomicosis Difttsa Coexistente con Tuberculosis 

El caso presentado es de coccidioidomicosis difusa de seis anos de duracidn, 
complicado por tuberculosis activa. Las dos enfermedades aparentemente 
coincidieron en su aparicidn, hallfindose los distintos granulomas coccidioideos 
despro\nstos de bacilos dcidorresistentes y conteniendo los tub^rculos apenas 
algunas esf^rulas de Coccidioides en la periferia. La coccidioidomicosis termind 
en difuadn miliar por todo el cuerpo, incluso el cerebro y la prdstata asf como 
los sitios mds habituales, pero sin afectar el intestine o las pelvis renales. La 
tuberculosis mostrd una forma de distribucidn “secundaria” o “adulta” bien 
definida en los pulmones, faringe e intestino, asi como difusidn hematdgena a 
las vesfculas seminales. 

La estreptomicina resultd de valor decidido en lo relative a cohibir la tuber- 
culosis, pero no afectd la coccidioidomicosis, en tanto que el yoduro de potasio y 
la vitamina Dj a dosis masivas parecieron atenuar algunas manifestaciones de la 
dltima. La iSltima droga podria muy bien ser objeto de nuevas pruebas en la 
coccidioidomicosis cutdnea. 
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VIABILITY OF TUBERCLE BACILLI IN EMBALMED HUMAN LUNG 

TISSUE^ 

GORDON M. MEADE and WILLIAM STEENKEN, JR. 

(Received for publication April 26, 1948) 

INTRODUCTION 

In the course of a study of tuberculin conversions occurring among medical 
students at the University of Rochester School of Medicine, Rochester, New 
York, it was found that the majority of conversions which occurred during the 
four years of the medical curriculum occurred during the first and second aca- 
demic years. By far the majority occurred during the second year and it was 
concluded that these were due to contact with tuberculosis autopsy material (1). 
It was also noted, however, that a certain number of conversions took place 
during the first academic year when there was no known contact with cases of 
active pulmonary tuberculosis or with tuberculosis autopsy tissues. It seemed 
of interest, therefore, to investigate the possibility of infection of students from 
the tissues of cadavers used for dissection purposes in courses in anatomy. Dis- 
section cadavers are always embalmed and it has been generally assumed that 
embalming suffices to kill any tubercle bacilli present. However, a search of the 
literature revealed no study covering this particular point. With this in mind it 
was decided to investigate the question of the viability of tubercle bacilli in 
embalmed cadavers which had Imown pulmonarj’^ tuberculosis. This paper 
reports the results of such a study. 


jrETHOD 

A letter outlining the problem and the reason for the investigation was sent to approxi- 
mately eighty departments of anatomy in schools of medicine in the United States and 
Canada. A request was made that specimens of lungs from cadavers used for dissection 
purposes which were known, or suspected, to have had pulmonary tuberculosis during life 
be removed under as sterile conditions as possible and sent to us for study. It was requested 
that' specimens be taken from previously undisturbed portions of the diseased lung; that 
they be removed under as aseptic conditions as possible, using clean sterilized instruments. 
It was also requested that specimens should be large enough that untouched areas could be 
dissected out upon receipt. Specimens were to be mailed in clean, preferably sterile, jars 
or other glass containers. On each specimen submitted, certain pertinent information was 
requested, to include the date of death, the stated cause of death, the date of embalming, 
the typo and strength of embalming fluid used, the method of storage after embalming and 
the date the specimen was taken from the cadaver. 

Splendid cooperation was experienced and, in all, specimens were received from a total 
of sixteen different sources. 

Upon receipt the specimens were placed in refrigeration until examination and use of 
them could be made. Each specimen was separately examined and dissected with clean, 
sterilized instruments for gross evidence of tuberculosis. A number of specimens 
were discarded because in the portion submitted to us no gross evidence of tuberculosis 
could bo found. Erom those specimens showing gross evidence of tuberculosis pieces of 


* From the Trudeau Sanatorium and Edward L. Trudeau Foundation. 
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cent water. Four bodies had been embalmed onl}’’ sbc months; all showed many 
organisms on direct smear. One had been embalmed with the 25 per cent gly- 
cerin, 25 per cent formaldehyde, 50 per cent water formula; one nith arsenic 
trioxide, phenol, formalin, water and IvNOs; and one with a formula the composi- 
tion of which was uncertain. 

Identification of organisms direct from tissues: In all instances material, usually 
caseous, was smeared directly on glass slides, stained for acid-fast organisms in 
the usual manner and examined at once before guinea pig inoculation. An ap- 
proximation of the number of organisms seen was made, using the terms many, 
few, occasional and none. Thirteen of the 24 specimens were rated as having 
manj" organisms (usually this meant that the slide showed a myriad of organ- 
isms); four were rated as showing few organisms; six were rated as showing oc- 
casional; and there was only one specimen which showed no organisms on smear. 
In the case of this last named specimen, however, the stated cause of death ivas 
pulmonarj’^ tuberculosis and there were both gross and liistologic evidences of 
tuberculosis. On smear the organisms from all specimens were typical acid-fast 
organisms which resembled tubercle bacilli in every respect and presented no 
abnormalities of staining properties or morphology. 

Histologic examination of tissues: The tissue taken from the specimens for 
histological study in everj' instance showed typical tuberculous reactions. 

Rcstdts of iuhercidin tests: All guinea pigs were tuberculin sldn tested two and 
three months after inoculation. Tests were made with 5 per cent Old Tuber- 
culin. Table 1 shows the results of these testings. The usual standard for a 
positive reading of 5 by 5 mm. of induration with or without erythema w'as used. 
A 5 to 10 mm. reaction was rated as 1 -k ; 10 to 20 mm. as 2-f-. The guinea pigs 
from 17 of the 24 specimens were entirely negative throughout the experiment 
with respect to tuberculin reactions. Some of the test animals show^ed defi- 
nitely positive reactions at the end of two months but showed a negative or 
doubtful reaction at the end of three months. The animals inoculated from one 
specimen, A-25, w-ere notable in that both guinea pigs show^ed definitely positive 
reactions when examinedat two and again at threemonths after injection. Both 
of these animals were also the only ones of the entire group which showed any ab- 
normality on postmortem, namely, slight, firm, noncaseating enlargement of the 
inguinal and iliac Ijnnph nodes with no gross evidence of tubercle formation. 

It is not unjustified to speculate that the positive tuberculin reactions with 
negative eiddence of disease were induced by the presence of large numbers of 
dead tubercle bacilli. The reality of the establishment of hypersensitivity in 
such a manner has been well established (2, 3). In the ..present study, the 
measurement of the numbers of tubercle bacilli present ivas veiy rough but pos- 
sibty gave some comparative estimate. In those 7 animals which at two or three 
months showed a positive tuberculin reaction, the rating of number of tubercle 
bacilli on smear was many in 5, occasional in one, and none in one. On the 
other hand there were 8 specimens rated as having many organisms whose inocu- 
lated guinea pigs showed no, or questionable, eiddence of a positive reaction. 

Results of guinea -pig inocidaiion: In all, 48 guinea pigs vrere inoculated, two 
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3. No guinea pigs died of tuberculosis and none showed evidence of disease 
at autopsj’ tliree months after inoculation. 

4. It is concluded that under the conditions ordinarily prevailing tubercle 
bacilli are not viable in lungs of embalmed Medical School dissection cadavers 
at the time of dissection. 


SUMARIO y CONCLUSIONES 

Viahilidad dc hs Bacilos Ttthcretdosos cn cl Tejido Ptdmonar 
Humano Emhalsamado 

1. inyeetdse en cobayos tejido pulmonar cargado con bacilos tuberculoses, 
obtenido de 24 cad4vercs utilizados para disccci6n anat6mica en facultades de 
medicina. 

2. Algunos de los animalcs inyectados mauifestaron rcacciones positives a la 
tuberculina al cabo dc dos o tres raeses. 

3. Ninghn cobayo muri6 de tuberculosis ni ninguno mostrd signos dc enferme- 
dad en la autopsia a los tres mcscs de la inoculacidn. 

4. Dediicese quo, en las condiciones que rcinan habitualmente, los bacilos 
tuberculoses no son inables en los pulmones de los cadAveres embalsamados para 
disecciAn al hacerse la ultima. 
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while the growth of the streptomyciQ-resistant strain averaged 2.2. After the 
initial lag period of approximately 12 days, the growth curve of the control strain 
was found to be consistently higher than that of the resistant strain (figure 1) and 
at the end of the experimental period of 45 days the growth of the resistant strain 
was about 55 per cent of that of the control strain. Since the rate of growth of 
the two strains within a given period of time may be the basis for testing tubercu- 
lostatic action in vitro, it was logical to assmne that the comparison of the growth 
curves over the entire experimental period would furnish more information than 
the single comparison of growth at the termination of the experiment. In this 



Fig. 1. Difference in growth rate of streptomycin-resistant strain (A27) as compared 
with the control strain in Kirchner’s medium. The points represent the average growth 
of 9 flasks at successive intervals of time. 

respect the problem is similar to that of a bio-assay (6, 7) in which the effect of a 
biological product is determined over a range of concentrations and not at just 
one concentration. 

In adopting a bio-assay technique it was necessary to make the assumption that 
the logarithm of the growth measurement has a linear relation to the time. Tests 
of this assumption have been made on the data under consideration and no signifi- 
cant departure from linearity has been found. In the statistical anal 5 »^sis of the 
difference in the growth of the control and resistant strains, the mean growth read- 
ings for each strain were converted into logarithms and straight lines fitted to the 
points by the method of least squares (8). In figure 2 are represented the recti- 
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fied growth curves shown in figure 1. The equations of these rectified curves as 
determined by least squares are — 


and 


yi = 0.0054 + 0.015 ti 


ys = 0.3305 + 0.016 

where yi and ti are respectively the log growth and the time for the control strain, 
and yz and tz stand for the same variables in the resistant strain. 



Fig. 2. Log growth of control and streptomycin-resistant strains with adjusted curves 
by the method of least squares. The difference of 36 and 16, or 20, days represents the differ- 
ence in time required for the resistant strain to reach the same amount of growth ns the 
control strain. 

These rectified curves are also plotted in figure 3 and 4 on semi-log paper. In 
these figures are shown the curves representing a multiple of the standard error of 
estimation of the average growth at each point along the curt-^e. In figure 3 this 
is represented for the control strain by the 95 per cent confidence band.'* The 
miniininn error of estimation occurs near the grondih of 1.8 which in log units is 
near 0.25 (figure 2). In figure 4 the confidence band for the resistant strain is 
shoma. 

* Since the growth rate was greater in the control strain, the observable deviations from 
the mean were greater. This is represented by the wider spread of the confidence band 
(figure 3) as compared with the confidence band of the resistant strain (figure 4) . This also 
explains the deviation of some of the points from the straight line C in figure 2. 
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Using the log growth of 0.25 as the estimated groudh at the point of approxi- 
mate minimum error, the time when the control and resistant strains reached this 
groBlh could then be determined. In figure 2 this point on the cunm of the con- 
trol strain corresponds to 16 daj’-s. The same amount of growth on the cuir-e of 
the resistant strain corresponds to 36 days. The difference of 36 minus 16, or 20 
days, is the measure of retardation of groulh of the resistant strain. 



TIME IN DAYS 

Fro. 3. Rectified growth curve of the control strain and the 95 per cent confidence band. 
The minimum error of estimation is the point on the growth band which most closely ap- 
proaches the confidence band. 

Invasiveness of the streptomycin-resistant and control strains in the chorio-allantoic 
membrane of the chick- embryo: In order to determine the relative degree of in- 
vasiveness of the 2 strains in the chorio-allantoic membrane of the chick embryo, 
7 experiments were carried out in which the resistant and the control strains were 
each inoculated on the membranes of the 8 day old chick embryo. The technique 
of preparation and mode of inoculation were the same as previously described 
(9, 5) with 1.0 mg. of bacilli in each 0.2 cc. of inoculum. In these experiments the 
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resistant strain was obtained from the fifth to the skteenth passage in 0.5, 1.0 and 
4.0 r per cc. of streptomycin respectively. The membraneswere harvested 6 daj^s 
after inoculation and the inoculated areas fixed, excised, and the size and number 
of tubercles counted. Table 1 gives the average tubercles per membrane for the 
e.xperimental and control groups for the 7 experiments. From the data obtained 
during the brief 6 day experimental period, it was not possible to demonstrate a 
consistent difference in the degree of invasiveness of the resistant and control 
strains. However, some of the same suspensions used for the chick embiyo tests 



TIME IN DAYS 

Fig. 4. Rectified growth curve of the slowly growing resistant strain with the 95 per cent 
confidence band. The curves representing the limits of the confidence band are based upon 
a multiple of the standard error of estimation of the average growth at each point along the 
growth curve. 

were also used for inoculation into guinea pigs so that the course of the infection 
might be observed during a longer period. 

Pathogenicity of the resistant and control strains after inoculation into guinea pigs: 
To determine the degree of invasiveness of the streptom3'cin-resistant strain as 
compared with the control in guinea pigs, 4 experiments were carried out with 
some of the same bacterial suspensions as were used in the preceding e-xperiments. 
In axperiment 1, inoculations were made from suspensions after the Mth pas- 
sage; ine.xperiment2 after the seventh passage in 0.5 7 percc. streptomycin; in ct- 
periment 3 from suspensions of the twelfth transfer in 3.5 7 per cc. streptomjxin; 
and in experiment 4 from suspensions of cultures of the sixteenth transfer in 4.0 7 
per cc. streptomycin. At the time of the twelfth passage the strain in strepto- 
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streptomycin, had a somewhat higher weight curve than the untreated group in- 
fected with the control strain. 

The slight drop in weight at 13 weeks was probably a result of the intracutane- 
ous administration of .01 mg. of PPD. Of the 10 animals given PPD in the un- 





PiG. 5. Average weight curves of guinea pigs inoculated with the streptomycin-resistant 
strain (A27-R) and the control strain (A27-C) : 

Experiment 1. (Top) After 5 transfers in 0.5 -y per cc. streptomycin. 

Experiment 2. (Center) After 7 transfers in 0.5 y per co. streptomycin. 

^Experiment 3, (Bottom) After 12 transfers in 0.5 y to 3.5 y per cc. streptomycin (Table 2) . 

treated group inoculated with the resistant strain, 7 were positive; while of the 10 
of the treated group, 8 gave a pronounced positive reaction. In the untreated 
control group, 4 of the 5 survivors gave positive reactions while all of the 17 in the 
treated group, which had received the control A27 strain, gave positive PPD reac- 
tions. 
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The survival time and tbe extent of tuberculous involvement for each animal of 
the 4 groups are given in table 3. At the termination of the experiment the mor- 
tality of the control group was SO per cent while that of the group infected with 
the control strain and treated with streptom 3 ’^cin was 15 per cent. The mortality 
for both the streptomycin treated and untreated groups of guinea pigs which had 
been inoculated with the resistant strain was 60 per cent. The tuberculosis index 
of the guinea pigs inoculated with the A27 control strain was 12.2 while that of 
the control strain treated with streptomycin was 2.2. There was no difference in 
the tuberculosis index between the untreated group infected with the control 
strain and the treated group infected with the resistant strain. The imtreated 
group infected with the resistant strain had a tuberculosis index of 9.2 while that 
of the treated group infected with the resistant strain was 12.2. The results of 
this experiment clearl}’^ indicate that treatment with streptomycin of tubercu- 
lous guinea pigs infected with the streptomycin-resistant strain of tubercle ba- 
cilli had no therapeutic effect on the course of the disease. 

SUMMARY 

1. The slow growing virulent human strain of tubercle bacilli (A27) has been 
made resistant to streptomycin by successive passages in Kirchner’s medium 
with increasing concentrations of streptomycin. After 17 passages the degree of 
induced resistance was from an original sensitivity of 1.0 to 1.5 y per cc. to a 
tolerance of 5.0 y per cc. 

2. The growth of the resistant strain in Eurchner’s medium was slower when 
compared with the control strain. When the growth curves were subjected to 
statistical analysis it was found that the growth of the resistant strain was re- 
tarded on an average by 20 days. 

3. The virulence of the resistant strain was indistinguishable from that of the 
control strain when tested by the short term technique of inoculation of the 
chorio-allantois of the chick embryo. 

4. When tested in guinea pigs by intraperitoneal inoculation of 0.25 mg. to 1.0 
mg. of tubercle bacilli and terminating the experiments 42 dayu after infection, 
the results of three tests showed a slightly reduced tuberculosis index and a 
higher average weight curve for the animals infected with the resistant strain. 
In a fourth experiment with 0.5 mg. of tubercle bacilli as the infecting dose with 
each strain, and the experiment terminated 14 to 15 weeks after infection, the 
mortality for the group infected with the resistant strain was 60 per cent as 
compared with 80 per cent for the control group and the tuberculosis index was 
9.2 as compared with 12.2 for the controls. 

5. Streptom 5 ’^cin therapy in doses which gave a high degree of protection in 
animals infected with the control strain was ineffective in infections with the 
resistant strain. 

SUMARIO 

Resistencia Adquirida del M. Tuherculosis a la Estrepiomicina in vitro y Com- 
portamiento del Mismo en las Infecciones Experimentales 

1. La cepa humana de bacilos tuberculoses, ■\drulenta y de desarrollo lento 
(A27) se convirtid en estreptomicinorresistente mediante pases sucesivos por el 
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ROUTINE EXAMINATION OF SPUTUM FOR ACID-FAST BACILLP 
DAVID G. FREDLVN ^VND ^LiX PINNER* 

(Received for publicntion May 11, 191S) 

For the past several years the sputum and gastric contents of all patients ad- 
mitted to this institution have been routinclj' examined by both microscopic and 
cultural methods. In an effort to determine the value of the methods used and 
the efficacy of the routine as a whole, an analysis has been made of the results ob- 
tained over a period of four years from January 1, 1940, when the routine was well 
established, to Januarj* 1, 1944. During this period, vciy few changes were made 
in the routine method, technical staff, or t 5 'pc of patient admitted. It has been 
possible, therefore, to make a fairl}’- reliable evaluation of the relative perform- 
ance of the various methods over a significant intcr\’al. 

.\UTERLA.LS .A.XD METHODS 

Baclcriohgic Procedure 

The method of b.actcriologic c-xamination used routinely in this laboratory' is as follows. 
Upon admission of the patient, tlircc successive sputum specimens are sent to the labora- 
tory as quickly as they can be collected in adequate amount, preferablj' within a period of 
ten days. These arc examined for acid-fast bacilli by direct smear and, if negative, are 
concentrated. If all tlireo specimens are negative for acid-fast bacilli, the third specimen 
is routinely cultured. The second or even the first specimen may occasionally be cultured, 
however, if the clinical condition of the patient warrants. Following the third admission 
specimen, the sputum is examined every one or two months, or more often if necessary. 
If the concentrate is persistently negative for tubercle bacilli, it is routinely cultured. If 
the sputum is repeatedly negative for tubercle bacilli, or if little or no sputum is available, 
the gastric contents are examined and all such specimens are cultured. Guinea pig 
inoculation is used only in special instances, usually in cases in wliich the roentgenographic 
appearance of the lesion seems to belie the persistently negative bacteriologic findings. 

All smears for microscopic examination are stained indi\’idually by the Ziehl-Neelsen 
method and are e.xamined intensively for a period of not less than five minutes. Concen- 
trates are made by the addition of an equal volume of 3 per cent sodium hydroxide to the 
sputum or gastric specimen and incubating with frequent shaking for one to two hours. 
Cultures are made on a minimum of four tubes of the modification of Petragagni’s medium 
described in Diagnostic Standards’. About 0.5 cc. of neutralized digest are inoculated 
into each tube by means of a capillary' pipette and the tubes are incubated for a period of 
not less than two months before being discarded. All positive cultures are smeared for 
confirmation. 


Composiiion of Material Subjected to Analysis 

In the evaluation of the results of this analy'sis, several points must be borne in 
mind. The patients admitted to this institution are a rather highly selected 

’ From the Montefiore Hospital Country Sanatorium, Bedford Hills, New York. 

* Doctor Pinner died on January 7, 1948. 

’ Diagnostic Standards and Classification of Tuberculosis, published by the National 
Tuberculosis Association. 
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A few gastric specimens strongly positive on concentrate were not cultured. 
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should be noted that examination of sputum by direct smear in this institution 
reveals acid-fast bacilli in only one-third of the patients with pulmonary tuber- 
culosis in spite of the fact that great precautions are taken to choose a satisfac- 
tory sputum particle for smear. 

The results presented in table 3 also ser\’-e to emphasize the importance of the 
examination of the gastric contents in the routine search for tubercle bacilli. It 
may be seen that 22.9 per cent, or almost one out of every four cases, is found 
to be positive for the first time by this method. Gastric examinations are 
frequently performed after repeated examination of the sputum, often with cul- 
ture as well as concentration, has been imsuccessful, or when little or no spu- 
tum is available. Thus a large proportion of minimal and treated cases is in- 
cluded. By far the largest number of cases first found to be positive for 
acid-fast bacilli by examination of the gastric contents is discovered by culture 
and the overall increment by microscopic examination of the concentrate (5.2 


TABLE 3 

Analysis of type of examination which restiUed in first detcetion of acid-fast bacilli 
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per cent) is so small as to be hardly worth the time spent in studying the slides. 
It has become a routine practice, therefore, to examine microscopically only 
those gastric specimens w'hich can reasonably be expected to be positive on 
clinical and roentgenographic grounds, or on the basis of previous bacteriologic 
examinations. 

All methods combined account for positive findings in only 86.2 per cent of 
the patients studied; in the remaining 13.8 per cent all specimens w'ere negative 
on repeated examination (table 4) . Unfortunately, guinea pig inoculations were 
not done on most of these cases but, wherever done, were also negative. This 
group of 98 cases is analyzed in table 5. About one-third (35 per cent) are 
patients in whom effective collapse therapy had been instituted prior to ad- 
mission and whose sputum was presumablj’' positive for tubercle bacilli before 
such therapj’' was begun. An additional third consists of patients with inactive 
disease, as evidenced by serial roentgenograms (28 per cent), and a few cases of 
pleural effusion vathout demonstrable parenchymal infiltration (5 per cent). A 
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cent would have been found positive if a larger number of specimens had been 
examined, it is important from a practical standpoint to determine what pro- 
cedures constitute a satisfactory bacteriologic investigation. The 611 positive 
cases were therefore analyzed to determine how many specimens had to be ex- 
amined before a positive specimen was found by any method, and the results are 
tabulated in table 6. It will be noted that one-half (51.5 per cent) of the cases 
were found to be positive for acid-fast bacilli on the first examination. This 
usuall 3 ’' included direct smear and concentrate, as well as a small proportion of 
gastric examinations (including culture) in those patients who either did not 
bring up sputum or had not yet learned how to do so. The high percentage of 
positive findings in the third specimen was largely a result of the fact that this 
specimen was cultured routinely if the preceding specimens were negative. Of 
particular significance is the fact that 82.5 per cent of the cases were found to be 
positive after three examinations (including at least one culture if the micro- 
scopic methods yielded negative results). Each subsequent examination added 
a very small increment. In all these respects the figures show a remarkable de- 
gree of constanc}” for the various 3 'earl 3 ’- periods. 

COMMENT 

The importance of the culture method in examinations for acid-fast bacilli is 
clearly indicated by all the forms of analysis followed. In this institution the 
contribution of the use of culture was of a high order as it provided an incre- 
ment of 30 per cent of positive findings in cases found negative for acid-fast bacilli 
by microscopic methods. Moreover, the use of cultures was the means of de- 
tecting the first acid-fast bacillus in one-third of the cases found positive by all 
methods combined. These particular values, however, are significant only 
within the routine framework employed and may not be extended to other sit- 
uations vdthout consideration of several variable factors. 

The character of the "patient group: The role pla 3 ^ed by culture becomes increas- 
ingly important as the number of bacilli in the specimen diminishes toward and 
be 3 ’'ond the limit of sensitivity of the microscopic method used. The present 
series includes a considerable number of patients with early and minimal lesions, 
as well as a significant number convalescing from surgical procedures such as 
thoracoplasty. Of this group only 66 per cent were first detected by the micro- 
scopic methods. In contrast to this, in a series of 507 patients analyzed by 
Pinner and Werner (1), over 60 per cent were classified as far advanced, and over 
90 per cent were first found positive for acid-fast bacilli by the use of microscopic 
methods. Similarly, in 82 per cent of a series of 1,657 adult patients recently re- 
ported by Sanford (2), the first detection of acid-fast bacilli was made by micro- 
scopic methods. The death rate during the sanatorium treatment of this group 
was 34 per cent. Culture plays its greatest role in the identification of the rela- 
tively rare organisms in the pulmonary secretions of early, healing, and surgically 
treated cases, and therefore becomes progressively more important as the num- 
ber of such cases increases in any patient group. 

The quality of the microscopic methods: The performance of the culture methods 
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routine can be readily made, however, if the laboratory is kept informed of exist- 
ing problems, and close cooperation between laboratory and clinic may save a 
great deal of time and effort on both sides, 

SUM^tAnY 

An an.alysis of the results of routine examination for acid-fast bacilli of sputum 
and gastric contents over a four year period clearly demonstrates the important 
contribution of the cultural method within the routine framework employed. 
Culture is at least two to five times as effective as the microscopic methods in 
spite of selective weighting of the figures. In addition, it provides an increment 
of 30 per cent of positive findings in specimens found negative by the microscopic 
methods used and is a means of first detecting acid-fast bacilli in one-third of 
cases found positive by all methods combined. The importance of culture of 
gastric contents is emphasized, this method accounting for the first positive find- 
ing in 23 per cent of cases. iVll of these figures show remarkable constancy for 
each of the yearly periods. Of those cases found positive at some time during 
their hospital stay, 82 per cent were revealed by the first three examinations. 
Of all 709 patients studied, 14 per cent remained negative on repeated examina- 
tion. Two-thirds of these patients, however, had cither been previously treated 
or were roentgenologically inactive. If these cases arc eliminated, acid-fast 
bacilli were demonstrated by microscopic and/or cultural methods in 95 per cent 
of patients in whom such a finding could be reasonably expected. 

StniLAIlIO 

Examcn Sislemdlico del Espido cn Busca do Bacilos Acidorresislmtes 

Un analisis de los resultados obtenidos con el examen sistematico del esputo y 
el contenido gastrico en busca de bacilos acidorresistentes durante un cuatrienio 
demuestra claramente el importante aporte del m(5todo cultural en relacidn con 
el sistema empleado. El cultivo resulta a lo menos dos a cinco veces mds eficaz 
que las tdcnicas microscdpicas a pesar de la valuacidn selectiva de las cifras. 
Ademds, suministra un incremento de 30 por ciento de hallazgos positives en los 
ejemplares que resultan negatives con las tdcnicas microscdpicas usadas y ofrece 
un medio de distinguir los primeros bacilos dcidorresistentes en la tercera parte 
de los casos que resultan positives con todas las tdcnicas combinadas. Recdlcase 
la importancia que revisten los cultivos del contenido gdstrico, correspondiendo 
a esta tdcnica el primer hallazgo positive en 23 por ciento de los casos. Todas 
estas cifras muestran notable constancia para cada uno de los perfodos anuales. 
De los casos que resultaron positives en alguna dpoca durante su hospitalizacidn, 
82 por ciento fueron descubiertos durante los primeros tres exdmenes. De los 
709 enfennos estudiados, 14 por ciento permanecieron negatives a travds de 
examenes repetidos; pero dos terceras partes de dstos o bien habfan sido tratados 
antes o eran radiograficamente negatives. Eliminando estos cases, se encontra- 
ron bacilos dcidorresistentes con las tdcnicas microscdpicas y/o culturales en 95 
por ciento de los enfermos en los que cabla razonablemente esperar dicho 
resultado. 
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A STUDY OF THE BACTERIOSTATIC AND BACTERICIDAL ACTIVITY 
OF PROMIN, DIASONE, SULFATHIAZOLE, SULFAGUANIDINE 
AND STREPTOMYCIN ON THE H.37V. STRAIN OF M. 
TUBERCULOSIS' 

K. T. SASiVNO 

(Received for publication January 14, 1948) 

INTRODUCTION 

The trials that have been conducted in the chemotherapeutic treatment of tu- 
berculosis in the past few years liave revealed that only partial success is at hand. 
It is e\ddent that it is not enough to obtain clinical cure through the use of anti- 
biotic or other therapeutic drug even if the clinical improvement is dramatic. 
Because of the nature of the pathologj” of tuberculosis, it seems that anj-^ chemo- 
therapeutic agent to be most effective in tuberculosis must have bacteriostatic as 
well as bactericidal properties. The exact action of the substances which have 
been used therapeutically in recent years is not clearlj'- knowm and there has been 
insuflScient work done on these substances in the laborator}^ especially in relation 
to their bactericidal properties on ilf. tuhercidosis. The present report concerns 
an investigation of the bacteriostatic and bactericidal properties of promin, dia- 
sone, sulfathiazole, sulfaguanidine, and streptomycin. The strain of ilf. tubercu- 
losis of human origin H-37v. was the one chosen for the study. 

In these studies the bacteriostatic effect was determined by the growth of the bacilli 
in a liquid culture medium to which various amoxmt-s of the drug to be tested were added 
to a series of culture tubes. The culture media used consisted of a modified Proskauer 
and Beck medium and the Dubos Tween-albumin medium. The growth of the bacilli 
was determined after twenty days of incubation at 37.5°C. 

RESULTS 

The bacteriostatic effect of the drugs tested is shown in table 1. It null be 
noted that streptomycin was the most, and suKaquanidine the least, effective 
bacteriostatic agent of the drugs tested. In another experiment not shown in the 
table it was found that the addition of penicillin to the streptomycin dilutions did 
not materially enhance the tuberculostatic effect of streptomycin. 

From these experiments it would seem that streptomycin and sulfathiazole gave 
the greatest promise for a possible favorable chemotherapeutic effect. 

The bactericidal effect of the various compounds -was determined by exposing 
a suspension of tubercle bacilli which contained one mg. (wet weight) of organ- 
isms per cc. of normal saline solution to different concentrations of the substance 
to be tested. 

At one, twenty-four and forty-eight hour intervals after the bacilli were brought in 
contact with the drug, one cc. of the bacillary suspension was removed and washed in 20 


* From the laboratory of J. C. R. S. Sanatorium, Spivak, Colorado. 
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TABLE 2 


Bactericidal effect of various drugs on tubercle hacilli (cultures and animal inoculations were 
done with teashed bacillary suspensions) 


COKCXKTEATIOM 

DSUCS 

CULTURi: AFTER HOURS OP CONTACT 
WITH DRUGS 

1 GUINEA PIGS 
INOCULATED 
\^^T^ 

1 hr. 

24 hrs. 

4S brs. 

0.5 cc. of 48 
hr. sample 

n|. JOO cc. 

1 





1,000 

Streptomycin 

— 

XX 

XX 

X 

500 

Promin 

0 

xxxx 

xxxx 

xxxx 


Diasono 

0 

XXXX 

xxxx 

xxxx 

400 

Streptomycin 

— 

XX 

XXX 

X 

333 

Promin 

0 

xxxx 

xxxx 

xxxx 


Di.nsone 

0 

xxxx 

xxxx 

xxxx 

250 

Promin 

0 

xxxx 

xxxx 

xxxx 


Diasone 

0 

XX 

3CXX 

XX 

200 

Streptom 5 *cin 

— 

XX 

XX 

X 

100 

Promin 

0 

XXX 

xxxx 

xxxx 


Diasone 

0 

X 

XX 

XX 


Sulfathiazole 

0 

0 

0 

0 


Sulfaguanidino 

0 

0 

0 

0 


Streptomycin 

— 


XX 

X 

Bacillary control bus- 


0 

0 

0 

0 

pension 




1 



Explanation of symbols (bactericidal effect): 

xxxx = No growth on egg yolk medium; no tuberculous lesion in guinea pigs. 

XXX = One or two colonies on culture: only local or lymph node lesion in guinea pigs. 

XX = Few colonies on culture; moderate number of tuberculous lesions in spleen and 
liver. 

X = Good growth on culture; generalized tuberculosis but not so extensive as in con- 
trols. 

0 = Heavy growth on culture: massive generalized tuberculosis in guinea pigs. 

— = No test. 


TABLE 3 


Comparative bacteriostatic and bactericidal efficiencies of various drugs on M. Tuberculosis 


DRUGS 

BACTERIOSTATIC CONCENTRATION 
DJ WO. PEE 100 CC. 

BACTEEIdDAl CONCEN- 
TRATION 

IN MG. PER 100 CC. 

hnniznal 

inhibition 

Complete 

inhibition 

48 hours exposure 
to drugs 

Promin 

10 

40 

100 

Diasone 

15 

50 

333 

Sulfathiazole 

1 

5 

Absent 

Sulfacuanidine 

20 

100 

Absent 

Streptomvein 

0.01 

0.05 

? 


(?) Some bacilli were killed but some were viable after exposure to all concentrations; 
10:1, 0CM3 mg. per 100 cc. 
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static and hac.tcriciilal properties, with promiii the mon; activoof thetwo; ( 2 ) sulf- 
athiazolo posscs.sos hactoriostalic activity to a Iiitih (icjjroc without. apprccial)lo 
bactericidal effect: (o’) sidfa; 4 Uanidiiie has much less bacteriostatic effect than 
sulfathia^ole and is not bactericidal: (-J) streptomycin exhibits the greatest bac- 
teriostatic effect but has only slight bactericidal activity; (d) the bacteriostatic 
effect of streptomycin is not altered by the j)resenco of penicillin. 

.‘^rMAitio 

Esivdio, con In Cepn <}tl llnciln Tuhrrnilo.co, dc laa J’ropiahidrs 

BarUriosIdlicaa y }>ncUrindas dr In Prnminn, hi Diasaiin, 

(1 Sulfnlinzol, In Stdjnyumiidinn y In I'JsIrrplovtininn 

Por los ostudios de laboratono ejecutados con tma cepa estreptomicinosensifde 
del bacilo tnberculoso lK57v, sc ha dcscubierto (pie: (1) la promina y la diasona 
poseen propiedadcs tanto bacteriostaticas como b:ictcricidas, siendo la promina 
la rails activa dc las dos; (2) el sulfatiazol muestra aha actividad bacteriostatica 
sin aprcciablc efecto liactericida: (o) la sulfaguanidina (‘jerce mueho menor efecto 
bactcriostiltico cpio el sulfatiazol y no es bactericida; (!) la ('streptomicina mani- 
ficsta el mayor efecto bactcriosfatico pero ajK'nas post'c actividad liactericida. 
y (5) cl efecto bacteriostatico de la esireptomicina noes alti'iado por la prcwncia 
dc pcnicilina. 

ItKFKUKNCK.S 

(1) Ballon', II. C., a.vu Gi'i;no.v, Tiic dlTcct of .>iuIfat]iiar.ol(; and jilliod comiauiads on 

tubercle bacilli in vitro. .\m. Ilcv. Tnbcrc., 10)2, 212. 

(2) MiDDLcnnooK, G., AN'i) t finiAN, D. ; Certain otTcrl of strcjitoinycin on iniimhnrUriiun 

I/I Am. Bcv. Tubcrc., lOtO, 5.V1. 

(3) MoLiN'.sKy, L., AN'i) STC.r.N'KC.N', \V., .In.: Kfrcct of strciitomycin on the tubercle bacillu.s: 

The use of Dubos and other media in test for streptomycin sensitivity, .'on. Kev. 

Tuberc., 19J7, 5o, 2S1. 

(4) Fisher, M. t\ Streptomycin resistant tubercle bacilli, .\m. llcv. Tuberc., 1018, 

57, .53. 




5ame£J ^lexanber ifHiller 
1874-1948 

Dr. James Alexander jMiller, a former president of the National Tuberculosis 
Association and the New York Tuberculosis and Health Association, died on the 
29th of July, 1948, at the age of seventj^-four. 

After completing his preliminary education in Princeton University and re- 
ceiving his medical degree from the College of Phj'-sicians and Surgeons of 
Columbia University in 1899, he entered upon the practice of medicine in New 
York City, continuing until the time of his death. Starting in 1901, he also 
practiced for eight summers at Paul Smith’s in the Adirondacks, and it was here 
that he cultivated a long lasting friendship with Dr. Edward Livingston Trudeau 
and acquired the inspiration to concentate much of his later professional activity 
in the field of tuberculosis. During the subsequent years he extended his interest 
into other sides of medicine and public health, but always with particular focus 
on the unique problems of this specific disease. His growing experience and the 
time tested attributes of his personality, intellect, and character qualified him as 
an able leader and marked him for succession to many posts of responsibility and 
importance. ' His merits included a love of the truth, high ideals, devotion to 
stud}'-, patience, perseverence, self-discipline, generous consideration of his associ- 
ates, and easy adaptability. 

Doctor Miller’s interest and accomplishments in the campaign against tuber- 
culosis were not defined by any narrow limits, since he was a man of versatility 
and naturally endowed with broad vision. Early in his career he became inter- 
ested in the Tuberculosis Service, now the Chest Service, .of Belle^ale Hospital, 
which at the time hardly deserved the name of a clinical service. Through the 
ensuing j’-ears he succeeded in creating a competent organization which raised the 
standard of medical work to its present level. Recognizing the numerous back- 
grounds of tuberculosis, he interested philanthropic la 5 Tnen in the social problem, 
leading to the organization of an Auxiliary which raised funds from private 
sources and looked after many of the needs of the impoverished patients. He 
became Professor of Clinical Medicine in the College of Physicians and Surgeons 
of Columbia University and developed a course of instruction for medical students 
and for the house staff of the hospital which continues to claim the interest of 
many young physicians at the start of their careers. In the 1920’s Doctor hliller 
obtained funds to initiate research as a feature of the Service; this too has grown 
and continues to the present date. This connection with Bellevue brought him 
into contact with many governmental officials who respected his judgment and 
advice, and it Avas largety through his personal efforts and influence: that the 
present building housing the BelleAUie Chest Seiwice was planned and con- 
structed. 

The public health aspects of tuberculosis also commanded his interest and 
energy. Aside from his Avork in the national and local tuberculosis associations, 
he Avas an officer or adviser in many organizations, including the Community 
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Bronchial Stenosis after Pneumothorax. — 
The authors report 3 cases of pulmonary tuber- 
culosis in -which stenosis of the left main bron- 
chus developed about two and a half j’-ears 
after the beginning of pneumothorax treat- 
ment. These constrictions within the bron- 
chus were smooth, no ulceration being present. 
Biopsies showed they were composed of fibrous 
tissue ufithout characteristic microscopic signs 
of tuberculosis. Clinically the patients had 
at first improved under pneumothorax treat- 
ment but eventually had suffered from recur- 
rent febrile attacks following retention of spu- 
tum and dilatation of the bronchus below the 
constriction. In one case multiple areas of 
softening developed throughout the collapsed 
lung. In another a subapical ca^*ity increased 
in size. In the third the constriction was not 
followed by changes in the collapsed lung. It 
was possible in each case to locate the con- 
striction by tomography and confirm its 
presence by bronchoscopy. The use of 
lipiodol was considered inad\dsable. The 
stenoses were believed to be due to a sclerosing 
type of bronchial tuberculosis aided by me- 
chanical factors. One of these may have 
been the narrowing of the lumen of the left 
bronchus by congestion of its network of 
arterial, venous and bunphatic vessels follow- 
ing pneumothorax. Such congestion could 
result ultimatelj' in fibrosis. Tliis form of 
stenosis can be considered a clinical entity 
which can be diagnosed by the presence of a 
smooth constriction of the left main bronchial 
stem, developing a year or two after the in- 
duction of pneumothorax and followed by 
febrile episodes -with alternate retention and 
outpouring of sputum. Tomography is very 


useful in detecting and locating the constric- 
tion. As regards treatment, discontinuance 
of the pneumothorax is not always indicated 
since a lung blocked by stenosis will not re- 
expand and lack of air in the pneumothorax 
area may cause serious symptoms. Thora- 
coplasty is usuallj'- contraindicated. Dilata- 
tion of the stenosis may succeed but the only 
logical treatment is complete removal of the 
involved lung. — Reflexions sur les st6noses des 
branches soitches sous pneumothorax arliflciel, 
G. Giraud, A. Balmes, L. Nichel &J. Mirouze, 
Lc Poumon, September-Octdber, 1947, 3: S29 . — 
(A. T. Laird) 

Bronchial Foreign Bodies. — In dealing with 
translucent foreign bodies diagnostic roent- 
genograms should be overpenetrated and the 
correct position determined by fluoroscopic 
examination. Both inspiratory and e.\pira- 
toiy films should be made to show mediastinal 
shift. Proper roentgenograms may show a 
distinct interruption of the air column of the 
involved bronchus. — Some observations on the 
roentgen diagnosis of nonopaque foreign bodies 
aspirated into the bronchi, S. Welin, Acta 
radial., 1948, 29: 629. — (J. E. Farber) 

Metallic Breath Sounds. — Metallic breath 
sounds are usually heard over a pneumothorax 
space when inspiratory and expiratory pres- 
sures are both positive. Occasionally they 
can also be heard over a pneumothorax with 
negative pressures. A certain tension of the 
pneumothorax wall is necessar}’- for the 
production of these metallic breath sounds 
and this tension can be due either to a positive 
pressure pneumothorax or to changes in the 
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Loeffler’s Syndrome with Cavity Formation. 
— A 39 year old woman developed several 
pulmonary infiltrations within a few weeks, 
with fever and a blood eosinophilia of 30 per 
cent. The infiltrations resorbed promptly 
but one of them showed cavntj' formation in 
the centre. This cavity healed within tluree 
weeks. — Ueier ein scrfallcndes, eosinophiles, 
fluchtiges LungeninfiUrat, A. Oil, TTtcn. Min. 
Wchnschr., May SI, IHS, 60: SS0.—{G. C. 
Leiner^ 

Pleural Effusion. — ^The object of this study 
was to estimate the significance of early 
pleural effusion in pulmonarj’’ embolism. In 
a series of 46 cases, 21 were found to have a 
pleural effuaon. In more than one-half of 
these cases the pleural effusion was more 
evident roentgenographically than the paren- 
chymal denaty. However, the presence of 
the effusion was of little help in diagnosing 
pulmonary embolism. In a series of 38 cases 
of pneumonia and bronchopneumonia only a 
few developed pleural effusion and the paren- 
chjTnal denaty was the principal radiographic 
finding. Pleural effusions are sometimes seen 
in acute, non-specific respiratorj' tract in- 
fections without parenchymal lesions or with 
only small lung densities . — Early pleural 
effusion in pulmonary embolism and pneumonia 
or broncJiopneumonia, G. Moberg, Acta radiol., 
194 s, 29: 7. — (J. E. Farber) 

Spastic Bronchitis. — Bronchitis spastica 
without real asthmatic attacks has been 
seen more frequently recently than in previous 
years, possibly as a consequence of the war. 
The dyspnea which is found in spastic bron- 
chitis can always be relieved by epinephrine. 
Bronchospasm is alwaj's seen in patients with 
emphysema and is frequent in cardiac pa- 
tients. — TJeber Bronchospasmus, IT. Groger, 
Wien. Min. Wchnschr., January 2S, 1948, 60: 
49 . — (G. C. Leaner) 

Mediastinal Hernia. — Mediastinal hernias 
may be caused bj’- pressure-difference in the 
two hemithoraces at the 2 weak places de- 
scribed by Nitsch. Hernias caused by pulsion 


(pneumothorax) are demonstrated by fluoros- 
copy. Hernias caused by traction are best 
shown by tomography. The diagnostic signs 
seen in the tomograms are the upper border- 
line of the hernia and the visualization of the 
blood vessels crossing from the healthy hemi- 
thorax into the pouch of the hernia. 
(Author’s Summary ) — The roentgen examina- 
tion of the mediastinal lung hernia with refer- 
ence to tomography, H. Salinger, Acta radiol., 
194 s, 29: 1S0.—(J. E. Farber) 

Thoracic Aortography. — ^The author reports 
a new technique for visualization of the 
thoracic aorta. A catheter is introduced into 
the radial arteiy and guided under radioscopic 
control via the subclavian artery into the 
ascendent aorta. After the rapid injection 
of 30 cc. of diodrast, exposures of the aorta 
are made. (Author’s Summary ) — Thoracal 
aortography by catheterization from the radial 
artery, S. Radner, Acta radiol., 1948, 29: 178 . — 
(J. E. Farber) 

Thoracic Aortography . — A method for aor- 
tography suggested by Radner and somewhat 
modified has been used in 3 cases. The 
authors consider that the method should be 
preferred to angiocardiography at contrast 
roentgen examinations of the aorta and its 
intra-thoracic branches. (Authors’ Sum- 
mary ) — Thoracic aortography, B. Broden, H. 
E. Hanson & J. Kamell, Acta radiol., 1948, 
29:181 . — (/. E. Farber) 

Lung Changes in Dermatitis. — In 2 pa- 
tients with an acute generalized dermatitis 
roentgenograms of the lung showed an in- 
creased reticular pattern. As the skin lesion 
cleared, the abnormal lung changes disap- 
peared. The author suspects hypersensitivity 
as the cause of both lesions with changes 
probably in the interstitial tissue . — On lung 
changes in acute general dermatitis, N. Frost- 
berg, Acta radiol., 1948, 29: 498. — (J. E. 
Farber) 

Mediastinal Abscess. — Roentgenologic di- 
agnosis of a mediastinal abscess can some- 
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bronchopneumonia or multiple hemorrhagic 
infiltration of pleura and lungs. In the three 
cases of verified pulmonarj' edema presented 
the roentgenographic changes appeared earlier 
than the chnical signs. — On the Tocnlgcnologic 
picture of pulmonary edema, S. Rcnnocs, Acta 
radioL, 194S, 30: 169. — {J. E. Farber) 

Tuberculoproteins. I. — Different prepara- 
tions of purified protein derivative and Old 
Tubercuhn are known to differ in their skin 
actmtj'. Since tliis property is associated 
only with protein, a partial explanation of tins 
phenomenon is that the protein content of 
certain lots of Old Tuberculin may be signifi- 
cantly different but this can hardly account for 
the variation found in preparations of PPD. 
The presence of more than one protein or the 
degradation of the protein during preparation 
might account for the obser\'ed facts. Con- 
centrated, unheated culture filtrates of two 
strains of human tubercle bacilli, a \'irulent 
and a slightly Aurulent one, were fractionated 
with ammonium sulphate to give 14 fractions 
from each strain. Chemical determinations 
and sedimentation velocity measurements 
were made on those fractions for wliich signi- 
ficant results could be obtained. The evi- 
dence showed that two distinct proteins are 
present in addition to a polysaccharide and 
nucleic acid. The physical measurements 
did not demonstrate the presence of any other 
proteins. One of the proteins was isolated 
in pure form and found to have a molecular 
weight of 44,000 ± 5,000, as determined by 
the partial specific volume, sedimentation 
velocity, and diffusion rate. This protein 
is believed to be the one pre^^ously isolated 
by Seibert et al., w'ho assigned it a molecular 
weight of 32,000. The other protein was 
not freed from polysaccharide so that its 
molecular weight could not be determined 
although it is beheved to have a sedimentation 
constant of about 2 S. Sedimentation and 
diffusion constants were obtained for the 
polysaccharide which appears to be a homo- 
geneous molecular species with a molecular 
weight of about 20,000. — The proteins in 
unheated culture filtrates of human tubercle 


bacilli I. Fractionation and determination of 
physical-chemical properties, E. B. Bevilacqua 
& J. R. McCarter, J. Exper. Med., March, 
191,8, 87: 229.— {J. S. Woolleij) 

Tuberculous Droplet Infection in Rabbits. — 
Experiments have been reported in wliich 
rabbits were made to inhale ■\drulent bovine 
tubercle bacilli, air-borne as separated cells 
in fine drop nuclei under standardized con- 
ditions. The tubercles w'hich developed in 
their lungs were known to be induced by 
organisms derived from single cells, all of 
w'liich were implanted upon alveolar tissue 
within relatively brief intenmls. For the 
first five or six weeks the rate of tubercle 
development was found to be uniform and 
not appreciably affected by the number of the 
lesions, their position in the lungs, or by the 
varjnng susceptibility of the rabbits. Tliis 
initial, homogeneous phase contrasted sharply 
with the later stages of the infection which 
were strikingly heterogeneous especially when 
rabbits of various strains were used. These 
features of air-borne tuberculosis are now 
reported in more detail. The Ravenal strain 
of Mycobacterium tubercidosis bom was pre- 
pared in an aqueous suspension which w'as 
whirled into a fine mist in a special aerosol 
flask. Only the smallest droplets evaporated 
rapidlj' enough to produce the droplet nuclei 
of wliich the final aerosol consisted. Oc- 
casional droplet nuclei contained tubercle 
bacilli. The concentration of the organisms 
in the aerosol and the length of exposure 
determined the intensity of infection. Fifty- 
six albino rabbits were ex^posed in these 
experiments and killed at various intenmls. 
During the first week after infection the 
bacilli were always found in isolated alveolar 
macrophages. Between the sixth and ninth 
da3’’s the number of infected macrophages 
rapidly increased and at twelve daj's there 
were collections of parasitized macrophages 
occupying one or two alveoli. At tliis time 
leucocjies and small monocytes had begun 
to accumulate about the developing tubercles. 
A brief, earlj”^ nonspecific response to unin- 
fected droplet nuclei also w’as seen. the 
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bodies in the trachea in cliildren. There is 
inspiratorj’ collapse bclon* and simultaneous 
vridening of the air passages above the foreign 
body. These changes disappear on c.Kpira- 
tion. — -'1 prciioiishi nnreported sign of foreign 
bodice in the trachea, S. R. KjeUberg, Ada 
radio!., J94S, 30: SOO. — (J. E. Farbcr) 

Thymic Shadow on Chest Roentgenogram. 
— This report is based on 49S consecutive 
roentgenograms of children first taken when 
they were six months old and subsequently 
at six month inten’als.- A peculiar sail-like, 
triangular projection was noted axtending 
out from the mediastinum in 44 cliildren 
(S.S per cent). In 12 patients the shadow 
was so large tliat it obscured almost the whole 
of the upper lung field. There were 12 
children with large shadows, 12 with medium 
sized shadows, and 20 ndth small shadows. 
In 31 cases the shadow was on the right side, 
in 12 cases it was on the left, and in one there 
was a small bilateral projection of wliich the 
right was the larger. In some cases the 
mediastinum was displaced towards the side 
of the shadow. Lateral roentgenograms were 
not of value but oblique films indicated that 
the shadow was anterior. In many cases, the 
lower edge of the shadow on the right side 
coincided with the plane of the horizontal 
fissure. Eleven of these children were fol- 
lowed for two years or more, during which 
time the shadows graduallj’ diminished in 
size and in some cases disappeared. Almost 
all these children were in good health when 
roentgenographed, only 4 being ill. None 
had any symptom or sign of pulmonary or 
cardiac disease and postmortem correlation 
indicated that this shadow was actually 
thjinus gland. In an infant, who died follow- 
ing a splenectomj' for an obscure form of 
hemolytic anemia, the chest roentgenogram 
taken at autopsy revealed the pre^dously 
described shadow on the right side. After 
the sternum had been removed but before 
the organs were disturbed, surgical clips were 
placed on the poles of the thjanic lobes and a 
repeat chest roentgenogram was taken. It 
was found that the clips corresponded exactly 
with the outlines of the shadow seen on the 


first roentgenogram. In stillborn children, 
the lateriil limits of the thjunus extend farther 
out than when the lungs are inflated. It was 
suggested that, as the lungs expand, the 
thymus is stripped from the chest wall and 
compressed into the mediastinum, but that 
sometimes one or both lower poles are adherent 
so that it remains anehored in the position 
occupied in the fetus. This theory was sup- 
ported by the observation that in some cases 
with a unilateral shadow the mediastinum 
shifted toward that side. As the child grows 
older, the thj'mus is gradually stripped back 
until the shadow ultimately disappears. The 
finding of this sail-like, triangular projection 
from the mediastinum (thymus) does not 
have any pathologic significance. — A sail-like 
triangular projection from the mediastinum: 
A radiographic appearance of tiie thymus 
gland, F. H. Kemp, H. N. C. Morlcy & E. 
Enrys-Robcrls, Brit. J, Radiol., December, 
mS,21:61S.—(L. Hyde) 

Roentgenograms in Sarcoid. — The roent- 
genological aspect of sarcoidosis is discussed. 
Lung films may show enlargement of medi- 
astinal nodes, miliary infiltration, areas of 
fibrosis, and confluent areas of patchy^ infil- 
tration. Bilateral mediastinal lymphadenop- 
athy is common but unilateral involvement 
occurs. Similarly, unilateral parenchymal 
lesions occur but also less often than bilatetal 
lesions. Pulmonary manifestations are rarely 
imiform; no single type of infiltration can be 
described as an early or late phase of the 
disease. Eeisner, however, believes that 
the disseminated nodular forms are early 
lesions. Skeletal changes occur in 20 per 
cent of the patients. The bone lesions re- 
semble small cysts and are found in the 
phalanges of the fingers and toes. — Roent- 
genological aspect of sarcoidosis, A. J. Acker- 
man, Am. J. Roentgenol., March, 1948, 59: 
SIS. — (J. E. Farbcr) 

Retrocardiac Bronchiectasis. — ^Bronchiecta- 
sis involves the lower lobe of the left limg more 
frequently and more ex-tensively than any 
other pulmonary area. The occiurence of 
unilateral bonchiectasis is nearly five times as 
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INCIPIENT PULMONARY TUBERCULOSIS IN PERSONS OVER FORTY* 

AARON D. CHAVES 

(Received for publication Dceeml)er 24, 194S) 

INTRODUCTION 

There is a rather widespread clinical impression that pulmonaiy tuberculosis 
rarely makes its appearance after the age of thirty. For example, in the most 
recent edition of an outstanding textbook of medicine (1) the following state- 
ment is found in the section on tuberculosis: “Those who have lived to the fourth 
decade without the appearance of a plumonaiy lesion seldom develop the dis- 
ease.” Nevertheless, it is the impression of many phthisiologists (2, 3, 4) that 
tlie first roentgenographic evidence of significant pulmonary tuberculosis after 
thirty, and even after forty, is not at all a rarity today. For instance, of the 344 
cases of incipient pulmonary tuberculosis recently reported-, by Reisner (2), 17 
developed after the age of fort 5 ^ It was thought worthwhile,- therefore, to report 
an additional 5 cases of incipient pulmonaiy tuberculosis in persons over fortj’’ 
years recently observed by the author. 

Source of Material and Selection of Cases 

The 5 cases reported here were observed by the author since his assignment in 
Ajiril, 194G to the Kips Bay Health Center Chest Clinic, onb/of tlib twenty-one 
chest clinics of the Bureau of Tuberculosis, Health Departmeht,„New York Citj'. 
This clinic averages appro.ximatel}'- 2,000 adult “contact”', exdrhinations yearly. 
The established policy is to follow all adult contacts to active cases (of pulmonary 
tuberculosis ever^'- six months with complete chest examination, including a roent- 
genogram, as long as contact is maintained and for two 3 ’’ears after contact has 
been broken. .With only few exceptions, the population served b}”- the clinic is 
white and the, overwhelming majority of the contacts’supervised. (the exact per 
cent is difficult to determine) arc below forty j’^ears of age. 

All 5 patients included in this studj^ which ended September, 1948, had recent 
“normal” che.st films as “contacts” which were carefulty re\dewed by the author 
and all developed the first roentgenographic evidence of tuberculosis after their 
foi tieth birthday. Except for age, the same criteria for inclusion in this group 
t)f cases were used as is described b}' Reisner in his articles (2). 

C.\SB REPORTS 

Cane I: L. P. (lit'tH’O.s l.-V .niul IIJ) isn wliilc male born in ISO!), Hewnsa contact toliiswifc 
who bad app.'ircntly arrc.‘5lc<l far advanced pulmonary tuberculosis at tbo time of his first 
examination at the Kiji.s Bay Clinic on .-Vpril 16. 1942. This film wa.s entirely “normal” 
(fitaire lA). On the no.xt clinic visit , Eebruary 21, 1915 (at vhich time patient w.-is -tC year.s 

' l-roin the Bureau of Tuberculosis, New York City Department of Health, I'io Worth 
t'troet , New York IS, New York, and the Dop.artments of Medicine and Previ-ntive Medicine 
of the New York Ilospital-Corncll University Meilical College. 
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iiiiry tuberculosis was made. The i)atieut never placed liimsclf under adequate treatment 
and very few simtum examinations were done (all negative for lubcrculosis) . Subsequent 
chest fdms on Marcli 9, lO Io and ^fay 29, 1915 revealcti progression of infiltrations and proli- 
able cavitation in the left upper lung. The patient was lost from supervision until March 



Fro. 2 (Case 2, M. W.) 

A. (Upper left) January 23, 1910, cardiac enlargement and wide aorta (hypertensive) 
Lung fields considered normal. Calcification at right hilum. 

B. (Upper right) January 31, 1947, round area of infiltration, periphery of first a.i.e.s. 
on right. In previous film of July 29, 1946, there was a larger area of infiltration which 
decreased considerably in size in the six month interval . 

C. (Bottom) March 15, 1948, extension .and breakdown of lesion in right upper lung field, 
between first and third anterior ribs. There is probably a small lesion below first rib on 
the left. 

24, 1948, when a chest film (figure IB) revealed clearing and “hardening” of the lesions, and 
he stated that he was entirely asymptomatic. The diagnosis was changed to arrested 
moderately advanced pulmonary tuberculosis. The total period of observation from first 
recognition of disease was three years. 

Case Z: M. W. (figures 2A to 2C) is a white female born in 1886, with known hypertensive 
cardiovascular disease and mild diabetes, whose daughter died of pulmonary tuberculosis 
in August, 1947. The first chest roentgenogram at Kips Bay Clinic was taken on January 
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served in \-arious New York CHa' Hoaltli Department Clinics, for the most part, 
since 1940. One cannot, expect to learn too mwch from analyzing such a small 
group of cases derived from material with the many shortcomings alrcadj'^ dis- 
cussed in Reisner’s recent articles (2). Nevertheless there are in this group 
notable clinical features. 

The ages varied from 40 to 75; 9 were male, 15 female; 17 were white and 5 
nonwhite. All of the patients were known to have had recent intimate contact 
with active cases of tuberculosis. Five patients presented roentgenographic 



Fig. 5. (Case 5, T. AI.) 

A. (Left) August 22, 1947, normal film (detail of riglit upper lung field). 

B. (Right) Alarch 3, 1948, soft patchy infiltration in periphery of right lung between 
third and fourth a.i.e.s. 

evidence of a healed, calcified, primary complex. No tuberculin testing was 
done on any of the patients prior to development of recognizable tuberculosis. 
In all but 5 instances, bacteriologic confirmation of the diagnosis was obtained 
at some time during the period of observation. The sputum investigations 
made early in the disease in most instances were not sufficiently intensive to be 
of much significance. 

Observaiions at the time of initial demonstration of the pulmonary lesion: In table 
1 are listed some of the obseiwations made at the time of initial appearance of the 
pulmonary lesion. Nineteen cases were observed to develop disease within one 
year of a normal roentgenogram, while 3 (all with symptoms) were first dis- 
coA’ered with disease approximately two, three and four and one-half years 
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mal at time of discover 3 % Twm of the patients with minimal lesions died sixteen 
and seventeen months, respectivelj’’, after initial demonstration of the lesion, one 
from myocardial infarction and the other from rapidly progressive tuberculosis 
complicated by diabetes. Of the 4 diabetics, the tuberculosis of one is now well 
arrested, one is dead, and 2 have progressive and advanced tuberculosis with a 
poor prognosis. The tj^ie of treatment administered to the 22 patients varied 
considerably from prompt, e.xcellent care, to no treatment at all. 

COJIMENT 

One outstanding fact is evident from the studj\‘ a roentgenographically normal 
chest in a person over 40 does not eliminate the possibility of pulmonary tuber- 
culosis developing “in the future. As a matter of fact, incipient pulmonary 
tuberculosis in persons over 40 may be much more common than is generally 
supposed. From discussions with many observers, it is the author’s impression 
that more and more cases of early tuberculosis in the older age group are being 
seen in various chest clinics throughout the countr 3 \ Reisner (2) and Robins 
(4) have both called attention to the late appearance of the initial roentgeno- 
graphic evidence of pulmonary tuberculosis in many cases under their observa- 
tion, while both Pinner (3) and Reisner (2) have recently indicated the need for 
serial roentgenographic obser\mtions in the older age groups among the appar- 
entlj’ healthy population to determine the frequency of incipient cUnical tuber- 
culosis in such groups. 

It is impossible, of course, to draw any conclusions as to the pathogenesis of 
incipient chnical pulmonary tuberculosis in older people from this very small 
series of cases drawn from a highly selective sample of the population. Theo- 
retically, late incipient pulmonaiy tuberculosis may come about as the result of; 
(7) reactivation of old roentgenographicall 3 ’^ undetectable foci (endogenous exac- 
erbation); (2) new exogenous infection in indi\dduals with a clinically healed 
primarj’’ complex as determined by a positive tuberculin test; (S) new exogenous 
infection in indiriduals vdth an obsolete primary infection which can be deter- 
mined clinicallj’" b 3 ’’ the reconversion of a previously known positive tuberculin 
test to negative (second “primary infection”); {4) recently acquired first infec- 
tion (true primar 3 ’^ infection). 

The entire problem of pathogenesis might be clarified to some extent b 3 ’' de- 
termining the frequency with which incipient tuberculosis occurs in older indi- 
viduals who are negative tuberculin reactors shortly prior to the initial demon- 
stration of pulmonar 3 ’' tuberculosis. Unfortunately, there are no up to date 
data on the incidence of negative tubercubn reactors in the older age groups, and 
theneedforsucha study becomes obvious. Both Pinner (3, 6) and Rich (7) have 
indicated the need for large periodic tuberculin su3we3’^s of apparently healthy 
populations of all ages, including those over 40 years of age. 

The importance of clear understanding of the pathogenetic mechanisms of 
pulmonary tuberculosis in the older age groups can be readily understood in 
view of the marked change in the epidemiological picture of the disease, with 
a striking shift of the mortality peak towards the older age groups. While 
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Addendum 

Since submitting this paper for publication four months ago, the writer has observed 
9 additional cases of incipient pulmonary tuberculosis in persons over 40 years of age 
which fulfill the criteria for inclusion in tliis study. Two of the cases were seen at the 
Ivips Bii}' Chest Clinic; 3 cases were obseiwed on the Chest Ser\dce of the New York 
Hospital; one was seen on the Pulmonarj' Sendee of Montefiore Hospital; 3 cases were 
^e^dewed (charts and roentgenograms) from other New York City Health Department 
Chest Clinics. 

Five patients were male, 4 were female; 6 were white and 3 were Negro. The interval 
between the last normal chest film and the initial roentgenograpliic e\ddence of disease 
varied from sbe months to ten years, with most inten'als between she and twelve months. 
Ages of the patients at the time of the last normal chest films ranged from 40 to 62 years. 

Six patients had definite S 3 'mptoms antedating the discovery of disease, 2 of whom had 
significant exposure recentlj’ to tubercle bacilli. All 6 of these patients had far advanced 
active pulmonary tuberculosis ndth sputum positive for M. tuberculosis at the time of 
discovery. Three cases were discovered as the result of a routine interval chest film 
taken during the course of supendsion of a “contact.” These 3 individuals had lesions 
of minimal extent and were asymptomatic at the time of discovery. 

During Januarj’’, 1949 the Bureau of Tuberculosis of the Department of Health, New 
York City, conducted its seco7id surve}' of the Municipal Lodging House, a city institution 
which offers shelter to homeless and destitute men. Two thousand five hundred and 
seventeen photofluororoentgenograms were taken of men who, for the most part were 
over 40 years of age, with the average age 56 years. Many of those ex'amined had been 
included in the first Municipal Lodging House suiv’ey conducted in 1940-1941. Fortu- 
nately, the films of the original survey eight years ago were preserved on microfilm. 

A detailed report of the findings of this recent survey will be published in a forthcoming 
paper. However, there are alreadj' available data wliich, although incomplete, are of 
sufficient interest to warrant inclusion here. Nineteen men, with normal survey films 
in 1940-1941 (as determined by reviewing the microfilms of the original survey roentgeno- 
grams) had roentgenographic evidence in their recent examinations highly suggestive of 
climcally significant pulmonary tuberculosis. Sixteen of these cases were over 40 years of 
age at the time of the normal survey film, eight years ago. 

The detailed examination of these cases is still incomplete, although all of the patients 
have had 14 by 17 films taken. Sputum studies on most of the cases, however, are not 
as yet available. On the basis of the roentgenograms alone, therefore, the following 
preliminary diagnoses were made in these 16 cases; 

Active far advanced pulmonary tuberculosis in 3 cases. 

Active moderately advanced pulmonary tuberculosis in one case. 

Minimal to moderately advanced pulmonary tuberculosis of undetermined activity 
in 11 cases. 

Arrested minimal pulmonary tuberculosis in one case. 
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TUBERCULOSIS IN THE GERMAN POPULATION, UNITED STATES 

ZONE OF GERMANY^ 

PHILIP E. SARTWELL,* CHARLES H. MOSELEY’ and ESMOND R. LONG* 
(Received for publication Januar 3 ’- 10, 1949) 

INTEODUCKTION 

The rise in tuberculosis mortality which accompanied World War I in all the 
belligerent countries of Europe gave promise of a similar rise after the last war, 
with its even greater devastation and longer duration. Such a rise did occur and 
was proportionately though not absolutely greater than that in World War I. 

During the past year a number of reports have appeared dealing with the cur- 
rent tuberculosis situation in Germany. Prom certain of these reports, and from 
other sources, an impression has been formed not only that there has been a 
disastrous increase in the disease but that it is continuing to increase. Such 
opinions are to a large extent based upon the increase in reported tuberculosis 
morbidity. Other studies, which have placed more emphasis on mortality data, 
have come to different conclusions. 

A survey of the postwar situation in the United States Zone of Germany, con- 
ducted by the authors in February, 1948 as members of a Commission of the 
Department of the Army, had as one of its objectives the collection of informa- 
tion on the extent of the rise in tuberculosis and the immediate postwar trend in 
that area. In view of the conflicting opinions mentioned above, it is believed 
worth while to present the evidence which was obtained. The data will be dis- 
cussed under two main headings: first, mortality, with consideration of changes 
by age, sex, and form of disease ; and second, morbidity, with discussion of factors 
responsible for apparent changes in morbidity rates. Brief consideration will 
also be given to the present program for tuberculosis control. 

Mortdliiy 

In analyzing the present problem, it is pertinent to consider the rise in mor- 
tality which accompanied World War I. This has been reviewed by Drolet (8) 
who gives data showing that of 24 countries, mostly in Europe, all but 5 had a 
wartime rise. In 3 of these countries the highest rate was reached in 1916; in 3 
it came in 1917, and in 13 it came in 1918. The influenza epidemic of that year 

* This paper is based upon the findings of a Commission appointed by the Secretary of 
the Department of the Armj' and organized by Mr. Tracy S. Voorhees, Assistant to the 
Secretary, and Col. Tom F. Whajme, hIC, Chief of the Preventive Medicine Division, 
Office of The Surgeon General. The members of the Commission were Doctor Long, Doctor 
Sartwell, Col. Silas B . Haj's, and Maj . Alonzo W. Clark. In Germany the group was j oined 
bj’ Lt. Col. Moseley. 

’ Assistant Professor of Epidemiolog}’-, The Johns Hopkins School of Hj'giene and Public 
Health, Baltimore, Marjdand. 

’ Lt. Colonel , MC, U. S. Army, AKlitary Government, Land Hesse, Germany. 

* Director, The Henr^' Phipps Institute, Philadelphia, Pennsj'lvania. 
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in tlie population of the U. S. Zone. The increase from 1939 to October, 1946, 
when a census was taken, was about 2.5 million, or about IS per cent of the 1939 
population, and was due chiefly to postwar immigration rather than to natural 
increase (12). There was a large excess of females, especially in the age span 
20 to 29, between which ages in October, 1946 the ratio was 17 females to every 
10 males. 

Data on tuberculosis mortality are also subject to several errors. While offi- 
cial death registration figures have been used almost entirely, it should be noted 
that in some areas death certificates have until recently been signed by laymen. 
The changes in boundaries of the Liinder or provinces within the U. S. Zone have 
rendered comparison of current mortality with earlier data impossible except in 
the case of Bavaria, which has remained largely unchanged in territory. Mem- 
bers of the German military forces are understood to be excluded from both popu- 
lation and mortality statistics from 1939 to the end of the war. The inclusion 



Fig. 1. Mortality rates for pulmonary tuberculosis, Bavaria, by year, 1891-1947 


of displaced persons in mortality statistics is uncertain during a part of the post- 
war period. Finally it must be remembered that the disruption of German civil 
organization in the latter part of the war and immediate postwar period has un- 
doubtedlj’’ reduced the accurac}'- of all statistics for this period; in fact, for some 
places such data are wholly lacking. 

In spite of these deficiencies, it is fairl 3 '' clear that tuberculosis mortality began 
to rise in most parts of western Germany in 1939 or 1940 and continued upward 
until about 1945. Since then it has been on the decline. The extent of the rise 
in western Germany was rather small by comparison with other parts of south- 
eastern and central Europe. In Berlin, however, where the prewar rate was 
somewhat higher than elsewhere in Germany, the wartime rise was very large. 

The statistics for Bavaria, which have been recently published (13, 15) will be 
examined in detail. Bavaria is a largely agricultural state in the south of Ger- 
many, its principal city being Munich. Little change was made in its territorial 
limits after the war. In figure 1 may be seen the trend of pulmonaiy tubercu- 
losis mortality in Bavaria from 1894 to 1947, the scale of rates being logarithmic. 
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parallel to, although somewhat higher than, that in the United States. In 1946 the 
mortality for males was greatty increased in infancy and in all adult age groups. 
The most marked excess was in the 20 to 34 year age span. The opinion was 
expressed by German health officers that excessive mortality among repatriated 
prisoners has contributed to this high rate. Roentgen surveys of such groups 
have revealed a high prevalence of significant tuberculosis. 



Fig. 3. Mortality rates for all forms of tuberculosis by sex and age, Germany, 1914 and 
1919. 

Among females, on the other hand, the only population groups showing an in- 
crease in 1946 as compared with 1938 were infants and young children, among 
whom a rise similar to the male rise was recorded. There was practically no 
difference between prewar and postwar mortality in adult females. Presumably 
had there been no war, the 1946 rates would have shown a decrease, but at least 
there was no rise. The increase in infant mortality from tuberculosis in both 
sexes suggests that, in this age group at least, the frequency of infection was 
greater in 1946 than before the war. 

For comparative purposes, death rates for all Germany for the years 1914 and 
1919 were obtained (14) and are shown in figure 3. It will be noted that in 
World War I the increase in male mortality was much the same as in World 
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data furnished indicated that the tuberculosis mortalit}'’ rate by 1947 had already 
fallen below the prewar level despite the fact that Frankfort suffered heavily by 
bombing and the resultant overcrowding. Frankfort’s increase in mortality was 
mostly limited to adult males and especially males over the age of 50, there being 
little change in female rates between 1938 and 1946. 

Land Wurttemberg-Baden in 1947 reported 1,443 male deaths and 1,046 fe- 
male deaths from tuberculosis, the excess among males being chiefly from age 
30 upwards. Among males 6.8 per cent of all deaths were from tuberculosis while 
the corresponding figure for females was 5.2 per cent. 

The territory comprising Land Bremen, a small area on the North Sea, has a 
population of only 494,000, of whom 395,000 are in the city of Bremen proper. 
In Land Bremen, the excess of male tuberculosis deaths is not apparent except 
above the age of 55. In 1947 at all ages there were 209 male tuberculosis deaths 



Fig. 5. Death rates for all forms of tuberculosis per 100,000 population, by se.x and age, 
Berlin, 1946. 

as against 173 female; the proportion of all deaths ascribed to tuberculosis was 
7.4 for males and 7.3 for females. 

The tuberculosis experience of Berlin was quite unlike that of the cities in 
the Western Zone of Germany and more closely resembled that of the cities of 
eastern Europe, where the rise was catastrophic. The data to be quoted refer to 
the entire city, not merety the XJ. S. sector. The trend of mortality has been 
seen in figure 4. The age distribution of death rates again shows a great excess 
of adult males over adult females, wLich is most pronounced over the age of 50 
(figure 5). From age 30 upward there were 3,953 male tuberculosis deaths in 
Berlin in 1947 as against 1,737 female. TiTij' Berlin suffered so heavily is not en- 
tirely clear. Certain reasons may, however, be advanced. Berlin had a higher 
rate than other large German cities before the war; bombing was continuous 
rather than sporadic; food shortages were presumably greater because of the 
difficulty of a large city in procuring food from the surrounding farmland ; and 
Berlin was cut off from the use of its sanatoriums, most of which were outside the 



488 


city to •? Moselet Ajvn 

y, to a gi-eater depr. 

P«PoSn ?"■ y Jr r ?™P®«oo and S ! 

, in a,, a*! ™'“» “ortniitr IT!^ J 935 -, nJ? !? J 


I^HifSSgSS 

tuberculosis ig . 

“£^’'-'Sacg-5X”s*ss- 

“?-c£-?« s£ 5 .'ai*- ‘ —. 

...=5SSSSi!Ss:?-.. 

^W^ouldnot ordmari/vho 

be reporj^jd in 



TUBERCULOSIS IN GERMANY 


489 


the United Stetes. In the absence of knowledge of how large a proportion they 
constitute, it is felt that this group is best excluded from consideration in the 
analysis of morbidity. 

Morbidity figures from Germanj’- are based upon reports rendered by the tuber- 
culosis clinics or ITursorgestellen, in which nearly all known cases are registered 
and where most of the diagnoses are checked and confirmed. In this respect 
they axe more reliable than American data. There are, however, two important 
factors operating to cause an apparent increase in morbidity. The first of these 
is the fact that tuberculosis cases are authorized to receive supplementary food 
rations. This would appear to create an incentive for physicians to report bor- 
derline cases and for patients to seek medical care. 

The second, and more important factor, is the greatly increased emplo5Tnent 
of case finding techniques. During and immediately after the war the Fiirsor- 

TABLE 2A 


Initial Examinations and Diagnoses in Bavarian Fursorgestcllen in 1941, hy Quarters 


PESIOD 

1 INITIAL EXAU- 
INATIOKS ITADB 

NEW CASES or ACTIVE 
EDlAtONAEY TUBERCU- 
LOSIS REPORTED 

CASES PER 100 EXAM- 
INATIONS 

“Open** 

"Closed” 

"Open” 

"Closed” 

January to March 

40,277 

1,663 

4,367 

4.1 


April to June 

56,684 

2,258 

6,624 

4.0 


July to September 

61,437 

1,937 

5,781 

3.2 


October to December 

58,956 

1,618 

5,940 

2.7 

la 


Note: “New cases” does not include those cases previously registered with the Fursor- 
gestellen as “closed"- or inactive tuberculosis and subsequently transferred to the above 
groups. Such cases constitute about two-fifths of the total “active open” and one-fifth 
of the “active closed”- cases reported. 

gestellen were unable to operate effectively; but during 1946 and 1947 their case 
fcding activities have been greatly intensified. Fluoroscopy is very widely used 
in Germanj’^ as a diagnostic procedure, the use of roentgenograms being often 
reserv^ed for cases in which fluoroscopic examination has given positive or sus- 
picious findings, and German ph3’'sicians are highly skilled in this technique. 
Records are kept of the number of fluoroscopic examinations per month made by 
the FursorgesteUen, and the use of the procedure has increased greatlj’’ during the 
past turn years. The larger the number of persons examined, the higher will be 
the 3ield of new cases of tuberculosis, although the 3deld per 100 examinations 
may diminish. This is illustrated by table 2A in which the number of initial 
clinic examinations in all the FursorgesteUen of Bavaria during 1947 is related to 
the total number of new cases of open and closed active pulmonary tuberculosis 
reported by the same agencies. IVhile the number of examinations increased up 
to the third quarter, the number of new cases identified failed to increase pro- 
portionatel3*, and in fact there was a definite downward trend over the 3’'ear in 
the 3neld of “open” cases in relation to the number of examinations for tubercu- 
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decline in the number of bacteriologically positive pulmonary cases and an equiv- 
alent increase in bacteriologically negative “open” cases; a definite increase in 
the “closed” cases; and a rather marked increase in extrapulmonary tuberculosis. 
The reason for the latter increase is not known; it may perhaps, as some have 
suggested, indicate a real increase in chronic extrapulmonary forms which has 
not yet been reflected in a rising mortality. These figures, however, do not sub- 
stantiate a real increase in clinically significant pulmonary tuberculosis. 

Conditions in the British Zone of Germany have been analyzed in a report by 
Daniels and Hart (5). These workers obtained findings very similar to those 
which have been presented above and their conclusions are substantially the same 
as ours. So far as tuberculosis is concerned there is evidently little difference 
between conditions in the British and U. S. Zones. 

Tuberculosis Control Program 

Space does not permit a detailed discussion of the tuberculosis control program. 
In brief, with American assistance, bed provisions have been greatly increased 
until now the number of hospital and sanatorium beds per annual death, except 
in Berlin, approaches the present ratio in the United States. There are still, 
however, too few beds to meet the accepted standards, particularly in Berlin, and 
many open cases must be cared for at home. Local public health organiza- 
tions appear to be doing an aggressive and effective job of case finding and case 
supervision. A BCG vaccination program has been undertaken under the super- 
vision of the Danish Red Cross. Food supplements are authorized for tubercu- 
lous persons, which on the whole provide an adequate dietary for this group when 
the food can be obtained. Germany is greatly handicapped by an extreme short- 
age of many essential materials in addition to food, ranging from soap to X-ray 
film. Only general economic recovery can help this situation, and indeed the 
whole tuberculosis problem is closely linked to the economic state of the country. 

SUMMARY AND CONCLUSIONS 

1. Tuberculosis mortalit}'- in the U. S. Zone of Germany began to rise promptly 
at the begiiming of World War II, reached a peak in 1945 and has progressively 
declined in 1946 and 1947. It is still above the prewar level in most places and 
is weU above the rate to have been expected if the prew^ar downward trend had 
continued. The extent of the rise was only moderate as compared with that in 
several other European nations. 

2. The increase in mortality appears to have affected infants of both sexes and, 
to an even greater degree, adult males. Females above the age of one year 
showed little increase as judged by age- and sex-specific rates for 1946. This is 
in contrast with the rise in World War I, in which both sexes and all age groups 
participated. The reason for the difference is not apparent. 

3. Case finding programs have been steadily improved and intensified since 
the resumption of public health activities. This factor and others which have 
been discussed are believed to be responsible for the apparent postwar increase 
in tuberculosis incidence. No convincing evidence has been found for a real in- 
crease in the incidence of active open pulmonary tuberculosis over the past two 
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ters, schools, and churches all pla3'-ed an important part in spreading information 
concerning the survey. 

The objectives of the study were broadened from a measurement of a particular 
educational project to include the obtaining of information for program planning 
purposes, so that, as finally stated, the objectives were: 

(jf) To test the accomplishments of the educational program of the tuberculosis 
association in one campaign between October, 1947 and May, 1948. 

(2) To provide information concerning people’s knowledge of and attitude 
toward tuberculosis, which will be useful to the tuberculosis association in 
carrying out its educational program. 

The Questionnaire 

A questioimaire was developed by the committee named above. All the 
questions were designed for free responses on the part of the persons interviewed, 
in order not to suggest possible answers and thereby mtroduce bias into the study. 
For purposes of comparison a number of questions previously used in a GaUup 
Poll were incorporated. The questionnaire was tested and revised before being 
printed and put into use. 

The questions covered the following areas: (a) the cause and communicability of tuber- 
culosis; (b) the cure for tuberculosis; (c) symptoms in tuberculosis; (d) the value of roent- 
genographic examination, and for whom; (e) stigma attached to tuberculosis; (/) attitude 
toward people who have had or who have tuberculosis; ig) personal responsibility in the 
control of tuberculosis; Qi) personal acquaintance with tuberculosis, especially in family 
situations; (i) exposure to tuberculosis education. 

THE INTERVIEWEES 

Volunteer interviewers were obtained from the area in which the poll was to be 
taken and came primarily from a group of women interested in and active in the 
local Health Center.' These women all attended a training session at which the 
purpose of the poll was carefully outlined, the selection of the sample explained, 
the composition of the questionnaire gone over, and interviewing technique and 
recording carefully explained. Sample interviews were presented for illustrative 
purposes. Interviewers were impressed with the importance of carrying out the 
instructions given them in order not to impair the significance of the study. 

THE SAMPLE 

Silver Spring, Maryland, was selected as the portion of Montgomery County 
in which the poll would be conducted, since it has the greatest concentration of 
people in the county and also because it is an area in which there is great economic 
differentiation. 

The sample was carefully chosen on a household basis. This system was used 
to cut down the bias occurring w^hen intendewers are allowed to choose their own 
respondents. Also, it automatical^ gives an accurate sample by economic 
status, as homes are chosen from all parte of town. The area to be polled was 

' Silver Spring Public Health Lay Committee. 
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the composition of the population at this time. The 1940 census figures on the 
population of Montgomery County show an older and a less highly educated 
group. There is reason to believe, however, that Silver Spring, a city that is 
largely a suburb of Washington, D. C., and which grew rapidly during the war, is 
made up of a younger, better educated group than that reported in 1940 for the 
whole of Montgomery County. The sex distribution in the sample is definitely 
at variance with the existing population. It is likely that there are slightly more 
women than men in the area, but the preponderance of female interviews is 
probably a result of the fact that women were more readily available at home. 
This result was obtained in spite of instructions to interviewers to try to obtain 
half men and half women in their interviews. This has apparently made little 
difference to the sample, as the amount of knowledge held by men and women 
regarding tuberculosis was similar. 

RESPONSES 

A tabulation was made of the questions asked. Here the questions have been 
rearranged by subject matter for ease of presentation. In the interview the 
questions were carefully placed to minimize the influence of one question upon 
the answer to another. 

The Cause and Communicabilily of Tuberculosis 

The following questions were asked in order to determine what ideas people 
have as to the cause of tuberculosis and whether or not they think it is catching: 

(I) "What do you think is the cause of tuberculosis?" 

Per cent of Responses 
Foil 1 Poll Z 


Germs 21 26 

Undemourislimeiit or malnutrition 25 30 

Neglect of health 21 17 

Run-down condition or low vitality 26 26 

Living conditions 19 17 

Heredity 12 8 

Don’t know 5 14 

Other 12 8 


There seems to be great confusion among the respondents with regard to the 
cause of tuberculosis. The so-called contributory factors, malnutrition, neglect 
of health, and run-down condition w^ere indicated as often as germs. Recognition 
of the frequent accompanying factors of disease as a basis for social action is 
important in a broad community-prevention program. One-tenth of the 
respondents mistakenly named heredity as the cause. The responses add up to 
more than 100 per cent, as each person was allowed several responses. 

There was a slight improvement in people’s knowledge between the two 
samples. In the second poll five per cent more mentioned germs, 4 per cent less 
mentioned heredity. An interesting phenomenon occurred with the “don’t 
know’s.” The percentage so responding was 5 per cent on sample 1 and 14 per 
cent on sample 2. It may be that persons having fixed erroneous ideas experience 
feelings of doubt when confronted with “facts.” 
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(2) “What do you think a person who has hibercuhsis shoidd do to get xoell?” 


Rest in bed - 

Good food 

Proper medical care. 

Go to hospital 

Fresh air 

Proper climate 

Other 


Per cent of Responses 
Poll 1 Poll Z 


38 

21 

Cl 

24 

11 

11 

7 


33 

21 

G7 

20 

10 

10 

4 


The majority tvere aware of the importance of proper medical care. Rest in 
bed, good food, and sanatorium care were also recognized. Unfortunately, 
climate is still held as important in the cure of tuberculosis by 10 per cent of the 
people. It is probable that, had a direct question on climate been included, a 
larger percentage would have thought it important. These responses add to 
more than 100 per cent as multiple answers were permitted. Not one person on 
either poll indicated the use of drugs or medicine. 


Symptoms in Tuberculosis 

This question was asked to determine people’s awareness of the absence of 
sjTnptoms in early tuberculosis: 

“In your opinion, when a person first gets tuberculosis, docs he feel all right or 
docs he have definite symptoms?” 

Per cent of Responses 
Poll 1 Poll Z 

All right 46 48 

Symptoms 43 40 

Don’t know 11 12 

Less than one-half of the people questioned in each sample were aware that 
early tuberculosis may e.\ist without symptoms. There was little change be- 
tween poll 1 and poll 2, in spite of the fact that great emphasis was placed upon 
this point during the survey. 


Age and the Occurrence of Tuberculosis 


This question was asked to determine to what extent people were aware of 
tuberculosis as primarily an adult problem, and particularly a problem of the 
most productive years: 

“As far as you know, at what age is tuberculosis most common?” 


Under 5 

5 to 14 

15 to 44 

45 and over. 
Don’t know 


Per cent of Responses 
Poll 1 Poll Z 


6 

18 

73 

9 

11 


3 

13 

80 

7 

10 


Responses to this question were recorded in terms of any or all age groups indi- 
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(4) ^‘Havc you ever had ati X-ray of yotir chesif" 


Yes.: 

Within j'cnr 

1 to 5 years ago. 
Over 5 years ago 

Don’t know 

No 


Vei 

cent of Responses 

Toll} 

Torn 

64 

SO 

20 

65 

28 

IS 

13 

5 

3 

1 

36 

11 


This question might be considered to give an index to the response of the 
community to the roentgenographic survey. Tlie above findings indicate that 
89 per cent of thp people in Silver Spring have liad chest roentgenograms, all 
but 5 or 6 per cent -within the last five years; 65 per cent (those who have been 
examined within the last year) were probably examined roentgenographically in 
the course of the sur^’Cj'. 


Social Stigma of Tuberculosis 

This question was designed to determine to what extent people feel that tuber- 
culosis is something of which to be ashamed: 

“If someone in your family had tuberculosis, would you feel free io talk about it 
or woitld you want to keep it to yourself 

Ter cent ol Responses 
Pen J Pell 2 


Talk SO 80 

Keep to self 15 15 

No one clse’s business 5 7 

Fear of social stigma 4 3 

Shunning of contagious individual 4 4 

Other 2 1 

Don’t know 5 5 


It is interesting to note that there is no change in people’s ideas regarding how 
freely they -would talk about someone in their family having tuberculosis. 
Fifteen per cent of the people would keep such information to themselves and 
5 per cent don’t know whether they would or not. One person in thirty still 
feels a stigma attached to tuberculosis. The others who wouldn’t talk gave 
reasons such as "no one else’s business,” "a matter between the indmdual and 
his doctor,” and a fear of "shunning of the indmdual” because of the contagious 
nature of the disease. 

Attitude toward People with Arrested Tuberculosis and Active Tuberculosis 

The foUo-wing questions were asked to determine people’s attitude toward 
associating with persons in these two categories: 

(I) “Suppose one of the people you worked vnth, you learned one day, has spent 
some months in a hospital until tuberculosis but has been released by the doctor and 
is able to work. What ivould you think dbout fMs?” 
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This question was designed, not only to discover what course of action an indi- 
vidual would advise for a friend who thought she might have tuberculosis, but in 
the hope that a conclusion might be dravm as to what he might do himself. An 
overwhelming majoritj’’ would seek medical advice or have a chest roentgeno- 
gram, and no change was reflected between the polls. 

(S) '‘In chest X-ray surveys about 60 per cent of the people come and have an 
X-ray. What do you think is the main reason why the other Jfi per cent do not?" 


Neglect or carelessness. . 

Fear 

Think thej' are all right 

Don’t know •• 

Other 


Per cent of Responses 
FoU 1 Poll Z 


4S 

25 

27 

4 

12 


61 

24 

16 

4 

9 


This question was designed to gather information as to reasons why roentgen- 
ographic surveys are not 100 per cent successful. It was hoped to determine 
from these responses to what degree people stay away from survey machines 
from fear. One-fourth of the respondents seem to feel fear a pertient factor. 
The main reason, however, is neglect or carelessness. There was a slight shift 
from “think they’re all right,” which might reflect an opinion that that is not a 
good reason for staying away. 

(4) "If an X-ray survey were to take place here, would you go and have a chest 
X-ray?" 

Per cent of Responses 
Poll I Poll Z 


Yes 82 83 

No 18 17 

Am checked periodically 6 7 

Physically unable to go 1 1 

Not in favor 1 1 

Too old to be worth while 3 2 

Feel fine 4 1 

Other 3 5 


The results obtained through questioning respondents with regard to participa- 
tion in a proposed roentgenographic survey were approximately the same on 
both poUs, as were the reasons for not participating. Comparing this figure to 
the 96 per cent who think it important for everyone to be examined roentgeno- 
graphically, it would seem that some of the 96 per cent feel that everyone but 
they should be so examined. 

(5) “Do you think that tuberculosis is an important problem in this community?" 


Yes 

No 

Don’t know 


Per cent of Responses 
Poll 1 Poll Z 


76 82 

13 11 

11 7 


This question was designed as a warm-up question, and was the first asked in 
each interview. Apparently, having a roentgenographic survey was sufficient 
proof for some that tuberculosis was important. 
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45-and-over age group, however, that the greatest improvement between the 
polls occurs, the 30 to 44 group showing the next best improvement. The score 
of the under 30’s has dropped slightly, but the difference is so small that it is 
almost certainly due to a difference in the sample. 

Classified by the level of education, the results were: 

Average Score 
Poll 1 Pall Z 

All groups 72.0 74.3 

Scliool 63.6 71.5 

High school 70.9 72.5 

College ’. 77.3 77.7 

The knowledge regarding tuberculosis varied directly with the amount of 
education. Since tuberculosis education is not normally a part of elementary 
school education, however, and is usually given at high school and college levels, 
one might expect even more disparity. It would appear that, although knowl- 
edge regarding tuberculosis increases with education, other sources of information 
Avould appear to be at least equally important. Comparing the scores attained 
by the least educated group on the two polls, it is seen that the greatest improve- 
ment in knowledge occurred in this educational group. Perhaps this group 
recognizes that it does not know and is willing to learn. 

If experience is the best teacher, one would expect people from families in 
which there has been tuberculosis to know more than the average person. 

Avetage Score 
Poll 1 Pall Z 

All groups 72.0 74.3 

Those with tuberculosis in family 70.5 76.4 

Those with no tuberculosis in family 72.3 73.8 

Before the roentgenographic survey, the people with tuberculosis in their 
families were slightly below the average. After the survey, however, they were 
well above the average, their score having jumped 6 per cent, as compared to 
about 1| per cent for the people Avith no tuberculosis in their families. This 
Avould seem to indicate that people AAith tuberculosis in their families, who haA'e 
reason to be especially interested, learn more than the average when confronted 
Avith tlie opportunity to find out the true facts. 

EXPOSURE TO TUBERCULOSIS EDUCATION 

The respondents Avere asked the following series of questions to determine to 
wiiat educational media regarding tuberculosis they had been e-xposed and to 
attempt to discoA’’er their relative Amlues. The following table shoAA^s the per 
cent of the people exposed to the Amrious media. 

Per cent of Responses 
Poll I Poll ^ 

Have you ever read about tuberculosis in Ihetiewspaper? Yea 90 96 

Have you ever seen any pamphlets or posters on tuberculosisi Yes S2 91 

Have you ever heard anything about tuberculosis on the radio* Yes 77 SG 

Have you ever seen a moving picture on tiibcrculosisf Yes 34 43 

Have you ever heard anyone talk or speak at a meeting on tuherculosisf 
Yes 27 37 
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Per ant oniwtr- 

PoUs ins "no" 

Gallup 35 

Hartford 30 

Denver 40^ 

Msshavraka 43 

Silver Spring Poll 1 42 

Silver Spring Poll 2 40 

People eversTvliere were poorh* informed on this subject of the inheritability 
of tuberculosis. 

A great discrepancy is seen in the answers to the question regarding the cause 
of tuberculosis. TiTien asked "What do you think is the cause of tuberculosis?” as 
the third question in the Silver Spring poll (the first two questions were "Do you 
thiiik tuberculosis is an important problem in this community?” and "Why?”) only 
21 per cent on poll 1 and 26 per cent on poll 2 gave “germs” as the answer. The 
Gallup Poll results were similar, with a 22 per cent response of “germs.” Re- 
ports from Hartford and Denver, however, indicate that at least two-thirds of 
their people knew that germs caused tuberculosis. It is interesting to consider 
why this difference exists. Is it that the people of Hartford and Denver are 
acutely aware of germs as the causative agent of tuberculosis? Was the response 
in some way connected with the way in which the question was worded or placed? 
Has the educational program m these two cities been so far above the country 
as a whole to make this difference? These are just a few questions in which the 
clue might be hidden. Different arrangement of questions might well bring 
different responses. For e.xample,^if this particular question were preceded by 
"Do you think tuberculosis is catching?” the intennewer might be considered to 
have inserted the idea of a causative agent in the respondent’s mind. 

jMost people believe that a person can recover from tuberculosis, as seen by 
the percentages so reporting in the various polls: 

* Per cent answering 

Foils "cure possible" 

Gallup 83 

Hartford 90® 

Denver 75’ 

Silver Spring Polls 1 and 2 95 

The citizens of Silver Spring appear to haA-e a more optimistic outlook than the 
others. 

Somewhat comparable questions were asked in Mishawaka and Silver Spring 
to determine people’s attitudes toward the person with arrested tuberculosis. 
The responses indicate that 78 per cent in Mishawaka and 82 per cent in Silver 
Spring would be Avilling to work alongside a person who has recently recovered 
from tuberculosis. (Dem’^erites generally belieA^ed that a person Avith arrested 
tuberculosis can resume normal liA'ing, only 19 per cent suggesting that an ex- 
tuberculosis patient would be -under extreme restrictions.) 

’ Reported as “about four in ten.” 

® Reported as “9 out of 10.” 

’ Reported as “3 out of 4.” 
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(S) College people are better informed than high school people, who are, in 
turn, better informed than those with only an elementary school education. 

(4) Persons with tuberculosis in their families Icnow less than average on 
poll 1 but more than average on poll 2. 

The improvement in people’s knowledge during the roentgenographic suivey 
was slight, only 2.3 per cent. However, greater improvement can be noted in 
some sections of the population and on some of the questions, e.g., in age groups 
over 45, in persons with grammar school education or less, in persons with 
tuberculosis in their families, and most notably on questions having to do with 
roentgenographic examination. The fact that persons with tuberculosis in their 
families improved in knowledge regarding tuberculosis emphasizes the receptive- 
ness of this group and points up the need for more intensive education. 

A comparison was made of the results of the Silver Spring polls with those of 
similar polls conducted by the Gallup Poll and in the cities of Hartford, Connecti- 
cut; Denver, Colorado; and Mishawaka, Indiana. The most striking thing 
about such a comparison is the similarity of knowledge in these widely separated 
cities. 

It would seem that during a roentgenographic survey, people’s ideas about 
tuberculosis did not change radically, even though their ideas rvith regard 
to roentgenographic examinations did. It may be that, if loiowledge has been 
increased in this one area, an important accomplishment has been made. Adver- 
tising specialists concentrate on one thing at a time, as an effort to cover a multi- 
tude of points accomplishes little. Education is a cumulative experience. To 
accomplish desirable objectives, tuberculosis education must be continuous. 

It seems somewhat difficult to change preconceived ideas. It might even be 
said that an interaiediate step to complete change is one of doubt. This concept 
would reemphasize the importance of the right idea in the first place and make 
the school of paramount importance in a conrmunity education plan. 

Evaluation is an important part of any activity. The results reported above 
have furnished figures on the level of tuberculosis Imowledge in Silver Spring on 
two different occasions, and have shown what can be expected in increased 
knowledge through an educational campaign such as accompanied the hlont- 
gomery County chest roentgenographic survey. Equally important, the facts 
are now available to furnish a sound foundation for future program planning. 

SUMMARY 

Two public opinion polls, one preceding and one following a count 3 ’'-wide chest 
roentgenographic survej’-, were conducted in Silver Spring, Maryland, in an 
attempt to find out what people learn about tuberculosis in the course of a 
roentgenographic surve\\ At the same time an attempt was made to obtain 
information of the people’s knowledge and attitude concerning tuberculosis for 
use in the planning of future programs. Everj' step, the design of the question- 
naiie, the selection of the sample, the training of the volunteer inteiadewers, and 
the analysis of the responses, was carefullj' planned and executed in order that 
the results should be statisticallj' accurate. 
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ORAL PROTEIN HYDROLYSATE IN PULMONARY TUBERCULOSIS 


A. A. KINN’KAR AND E. N. KEEN* 

(Received for puhlication May 13, lOlS) 

This paper records the results of feeding protein hydrolysate to colored adult 
males with tuberculosis. Thirty-eight patients were .studied in all, 19 were 
“test” patients and 10 were “control” patients. To prc.serve random sampling, 
alternate patients wen.' .allotted as “to.st” patients. 

rL.\.\ OF IN'\'r..STIG.\.TlON' 

Complete clinical and radiological examinations revealed no evidence of other 
diseases. The urine of all patients w.ns essenti.ally normal except for one instance 
of transient .albuminuria which later clc.arcd. No evidence of amyloidosis was 
detected. 

“Control” patient? and “test” p.'Uicnts alike \%'ero submitted to the following procedures; 

(/) The weight w.as recorded at 21 day intervals. 

(2) The daily temperature was routinely recorded. 

(S) The blood sedimentation rate was determined at 21 day intervals. 

(4) A rocntgcnogr.am of the chest w.as taken at 21 day intervals. 

(5) Ten ml. of blood were drawn from an arm vein with minimal eonstriction, also at 
21 day interv.als. Of this, 5 ml. were put into a tube with tlic correct amount of 
standard Wintrobc anticoagulant mi-vture. This portion was used to determine the 
packed eel! volume, the hemoglobin concentration and hence the mean corpuscular 
hemoglobin concentration. The remaining 5 ml. of blood were allowed to elot and 
the scrum scpar.atcd. Part of this serum was fractionated and the remainder w.as 
used for the empiric liver function tests. 

Each “test” patient w.as then given 50 Gm. of protein hydrolysate* per day over and 
above his ordinary hospital diet. This protein hydrolysate yielded 63 per cent protein 
on triplicate Macro-Kjcldahl determinations. At three weeks from the commencement of 
feeding and again at si.v weeks, blood w.as withdrawn as before and the investigations out- 
lined above were repeated. The unp.alatability of the preparation caused no difficulty. 

Mclhods: Tlie erj’-throc 3 'te sedimentation rate was determined in Westergren 
tubes and the fall at the end of one hour was corrected for anemia by means of 
the packed cell volume. 

The packed cell volume was determined in a standard Wintrobe (1) tube, after 
centrifuging for 30 minutes at 3,000 r.p.ra. 

Hemoglobin was determined by an alkaline hematin method. A Hilger 
photoelectric absorbiometer was calibrated with the inorganic solution of Gibson 
and Harrison (2), using a green filter at 530 p. The resulting graph was used in 
reading hemoglobin values, estimations of which were done at least twice for 
each specimen. 

* From the Union Health Department Laboratories, Cape Town, South Africa. 

* Carne.sco, a brand of protein hydrolysate was kindlj' made available through the good 
offices of Dr. B. A. Dormer, Chief Tuberculosis Officer for the Union, and the Natal Branch 
of the S. A. Red Cross. The formula supplied with the Carnesco A was; meat flour 40 per 
cent, dried skim milk 40 per cent, sug.ar 10 per cent, food yeast 4 per cent. 
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had erjdihrocyte sedimentation rates of 10 niin. or less. Tliis proportion did not 
significantly alter during the six weeks, and in general, the rate neither altered 
nor fluctuated to any great extent in patients from cither group, Getz, West, 
and their associates (12) found a positive statistical correlation between the 
sedimentation rate and the scnim albumin level. An opportunity was taken to 
confinn these findings. 

Over a total of 111 observations, a positive correlation of O.GO was found. 
The fact that the amount of plasma albumin i.s one of the factors influencing the 
rate of clumping and sedimentation of red blood corpuscles was further illustrated 
by Gray and Mitchell (13), who showed that albumin added to blood with a rapid 
erythrocyte sedimentation rate slowed the rate domi. These results, however, 
did not rule out the possibility that other protein fractions may have important 
effects on the sedimentation rate. 

Packed cell volume: Tlie proportion of patients (20 of 38) in whom the packed 
cell volume did not fall below 45 per cent must be compared with the figures for 
hemoglobin as given below. It would seem to indicate that the tuberculous state 
has rather less effect on the production of an adequate volume of red cells than it 
has on hemoglobin metabolism. 

Hemoglobin: A hemoglobin concentration of 14 Gm. per 100 ml, was arbi- 
trarily chosen as the lowest noimal value. Twenty-four of the 38 patients failed 
to reach this level. This standard is probably less stringent than that .set for 
packed cell volume and a higher figure would obviously have brought out the 
difference to a greater extent, Getz, West, and their associates (12) showed 
that the most constant deficiency finding in a series of adult males with tuber- 
culosis was vitamin C deficiency. After that came hemoglobin deficiency and 
then plasma protein deficiency, especially in the albumin fraction of the serum 
protein. The present figures tend to confirm the hemoglobin findings although 
over one-third of the patients had more than 14 Gm. of hemoglobin per 100 ml, 
of blood. 

Mean corpuscular hcmoglohin concentration: As might be e.xpected from the 
data already presented, the values for the mean corpuscular hemoglobin concen- 
tration showed striking reduction. The accepted normal lower limit of hemo- 
globin saturation is 32 per cent and only two estimations throughout the survey 
fell at or above this level. A poor hemoglobin concentration can thus be said to 
be the only consistent finding in all of the patients of this suiwey and is the point 
in hemopoiesis which the tuberculous toxemia appears to effect. The anemia 
produced is of the type classically supposed to result from disorders of iron 
metabolism resulting in poor hemoglobin synthesis. These patients had ade- 
quate iron in their diet and were not subject to repeated hemoptyses. Globin, 
a protein of the histone class, constitutes about 96 per cent of the hemoglobin 
molecule and it may be assumed that availability of protein is a necessity in the 
sjmthesis of hemoglobin. Orten and Orten (14) studied the formation of hemo- 
globin following the administration of certain amino acids to rats fed a diet low 
in protein. They concluded that no single amino acid was of paramount im- 
portance in hemoglobin synthesis, but rather that a combination of amino acids 
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jonie strength of n soltition 5s nKhiccd, tliosolidnlity of cortain proteins is roihiwl 
and tliey are preeipitatod. This principle is used to advantage' in both the 
thymol turbidity ti-st and the hutTor dilution test of NVolfT. The fact that, the 
tlnnnol turbidity test is probably a^^ociated with an exco.ss of beta globulin in tl»c 
scram, and also that certain lipemic sera show a fnarktsl increase in the beta 
globulin fraction, adds a cotnplicating factor to the inlerjtretation of the tliymol 
turbidity tost taken by itsedf as an indication of li\‘er dysfunction. 

Although clinical ovidonco of hepatic insufiicicncy i.s nire in ttibcrculosis, the 
more sensitive tests show that functional deningcmcnt is not uncommon. A 
series of patient.s o.vamined by Kruger and Gerl.'cr (Hi) and Hurst c! al. (17) 
showed abnormalities in n proportiojt of patients, predominantly in the vcr>‘ a<l- 
\'anced phases of pulmonara* tulverculosis. It is interesting to note that Hurst 
and his colleagues failed to show changes in hepatic function with both the oral 
and intravenous hippnric acid tc.st. 

The present results with the flocculation te.sts do not setmi to confinn the find- 
ing of liver derangoraent in pulmonarj’ tuberculosis. Only a small number of 
tests were carried out, however, .and it is a well-known fact that functional .ability 
of the liver cannot lx* measured by any single functional test ; a veritalde battery 
of tests measuring dilTcrcnt functions jx'cms to bo tlio only .cafe mc.osure. Mac- 
lagan (20), using the flocculation tests, found one pewitive tc.st in IS patients 
suffering from pulmonan* tulwreulo.ds. It is interesting to note also that .sig- 
nificant deviations from the normal were only consistently obtained ndth the 
serial bromsulfaloin test. If some of thc.ee empiric tests owe their positivity 
to the c.\ccss of gamma globulin in the scnim, and good antibodj* response is 
likewise associated with an increased gamma globulin fraction of the serum, the 
interpretation of the increased gamma globulin fractions cannot be construed as 
evidence of liver disca.ee in infectious disaises. 

COMMENT 

Tlic original purpose of (he pro-sent study was to demonstrate the effect, if 
any, of adding protein h.vdrolysate to the diet of adult colored males with tuber- 
culosis. Clinical data were studied and, in addition, roentgcnographic examina- 
tions of the chest, cn,*throcyto sedimentation rates, and the blood analyses 
outlined above were carried out in order to measure anj' change in clinical or nutri- 
tional state. The reasoning behind the experiment was that some tuberculous 
patients found difficulty in digesting first-class protein, such as meat. The idea 
of giving such patients protein hydrolysate is not a now one. The liver is inti- 
mateh' concerned in protein metabolism and probably s 3 'nthcsizes proteins from 
amino acids supplied to it from the blood. Thus it seems reasonable to assume 
that the liver could continue this function if furnished with the necessarj* amino 
acids pro\*ided its own function wa.s not grosslj* deranged bj* a disease process. 
For this reason empiric liver function tests were carried out on all sera and, as 
alreadj* stated, revealed verj’’ little evidence of liver dj’-sfunction by themselves. 
Cox and Alueller (18) found that orally or intravenouslj' administcreed protein 
h}’-drolj'sate was equalh'- effective in the regeneration of plasma albumin in hj^jo- 
proteinic patients. 
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]\'Iaclden and ^^diipple (19) showed that amino acids as the sole source of nitro- 
gen in standardized dogs could produce plasma proteins and the response com- 
pared favorably with the response of first class proteins in corresponding amounts. 

The precise values in the observations of the present study can be seen in ta- 
ble 1 and arc set out in table 2 in detail. Each pat ient was studied separately and 
the change in this nutritional state recorded. TJie mean values were calculated 
as well as the Standard Deviation for the variance of the changes. The standard 


error of the mean was calculated from t he formula 


S D 

‘ ^ where “n” is the num- 
n— 1. 


her of patients studied. 

All the values indicate a ver}’ slight increase (including the serum globulin 
values), but the second column shows clearly that all these figures can be disre- 


TABLE 2 


Change in Values after Six U'cets 



UTAN’ cnAN'r;n 

STA.VDARD rUROR OF 

Tm: MHAN 

Total Scrum Protein, 



Test group 

1 -f0.2l Gin. 

±0.17 Gm. 

Control group 

*4*0.09 Gin, 

:ii0. 14 Gin. 

Scrum Albumin 

i 


Test group 

-i-0.02 Gm. 

±0.13 Gin. 

Control group 

-f0.05 Gm. 

±0.12 Gm. 

Serum Globulin 



Test group 

-1-0.04 Gm. 

±0.18 Gm. 

Control group 

•fO.20 Gm. 

zbO. 19 Gm. 

Packed Cell Volume 



Test group 

-fO.G per cent 

±0.8D per cent 

Control group 1 

-FI. 25 per cent 

±0.G1 per cent 

Hemoglobin 



Test group 

-1-0.02 Gm. 

db0.31 Gm. 

Control group 

-fO.OS Gm. 

±0.25 Gm. 


garded as being insignificant. The only possible exception is the mean increase 
in packed cell volume in the “control” group where the actual mean change was 
about tmdee its standard error. Such a result might occur by chance about once 
in twenty times. These data then fail entirely to show any measurable effect of 
the feeding of protein hydrolysates to these patients over a period of six weeks. 
The same conclusion was reached after intensive and careful study of the clinical 
and radiological records. 


SUMM.4.Ry 

Thirty-eight patients with pulmonary tuberculosis were divided into two equal 
groups. One group received an additional dietary supplement of 50 Gm. of pro- 
tein hydrolysate per day. 

^ The results of this treatment were gauged by clinical, roentgenographic, and 
biochemical methods. 
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SUPPLEMENTARY ORAL PROTEIN HYDROLYSATE THERAPY IN 

TUBERCULOSIS! 

SMIUEL COHEN and Y. Y. MA 
(Received for publication July 2S, 1948) 

INTRODUCTION 

The importance of adequate protein nutrition in a number of medical and sur- 
gical conditions has been frequently stressed in recent years. Protein deficiency 
may be due to an insufficient intake, poor absorption or assimilation, excessive 
protein destruction or loss. In infection, the degree and duration of destmction 
of protein depends on the severity and chronicity of the disease. The attempt 
to utilize protein for repair of damaged tissue takes precedence over and may oc- 
cur at the expense of the catabolism of normal tissue. Consequently, it is prob- 
able that the ordinarj’^ hospital diet may not at times be adequate to supply this 
combined demand for protein. Also, a higher than usual caloric intake may be 
necessary because, if fats and carbohydrates are not present in sufficient amount, 
protein -will be burned for heat. The quality of protein as well as its quantity 
is important too. Animal protein is generally preferable to vegetable protein, 
A deficiency of protein may be due to an insufficiency of protein per se or of 
specific amino acids. Of the twenty-one amino acids, eight are considered as 
essential in man for the formation of protein and other nitrogenous compounds. 
These essential amino acids cannot be synthesized by the body but must be sup- 
plied in the food. 

An experiment was undertaken in a group of patients vfith far advanced tuber- 
culosis to supplement the regular hospital dietarj’- with the oral use of amino acid 
mixtures available in protein hydrolysates. An attempt was made to correlate 
the value of this nutritional regimen with clinical observations and laboratory de- 
terminations. 


JL\TERIALS AND METHODS 

Selection of patients: Patients were selected who fulfilled the following criteria: (f ) resi- 
dence in hospital for at least six months prior to the supplementary use of protein hydroly- 
sates; (2) evidence of unfavorable clinical and/or roentgenological course with sputum 
positive for M. tuberculosis, weight loss, and fever. Attempts at collapse therapy had been 
unsuccessful in these patients or they were considered unsuitable for such therapy when the 
study was begun. 

During the preliminary observation period, the patients received a general diet which 
in this hospital ranges from 2,500 to 2,700 calories with an average protein allowance of 70 to 
90 Gm. In addition, the patients received between meal nourishment of three glasses of 
milk daily or an approximate equivalent substitute depending on the patients’ preference, 
and also a supplementary intake of vitamins. 

Clinical and laboratory studies: A physical examination was done at the onset and re- 
peated as indicated. Sputum examinations were ordered as necessary. Roentgenograms 
of the chest were taken before therapy and at approximately three month intervals. The 

^ ^ From the Berthold S. Poliak Hospital for Chest Diseases, Medical Center, Jersey City, 
New Jersey. 
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hospital diet, his weight had declined to 102 lbs. on July 1, 1946. The temperature ranged 
up to 100°F. On September 16, amino acid therapy (Edamin and Dextri-Maltose 240 Gm. 
each) supplementing a regular diet containing 75 Gm. of protein was initiated. The weight 
was now 104 lbs., the sputum was i)ositive for tubercle bacilli and a chest roentgenogram. 



Fig. 1. (Left) Case I (F. L.). September, 1946 
Fig. 2. (Right) Case I. September 10, 1946 



Fig. 3. Case I. Relation of blood volume, weight and total circulating protein 


September 10, 1946, (figure 2) revealed evidence of a right sided thoracoplasty, bilateral pro- 
ductive disease with cavitation, a recent bronchopneumonic spread on the left, and adhe- 
sive plcurisj’. The patient e.xhibited no significant untoward gastro-intestinal sj’-mptoms 
during the period of dietary therapy. He made no serious objection to the taste of the 
amino acid preparation. 
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April 2, 1947 was 117.5 lbs. which represented a gain of 13.5 lbs. during the more than si.x plus 
months of supplemental amino acid therapy. The increase in the weight was paralleled 
bj" an increase in blood volume and a slightly less marked increase in the total circulating 
protein. The hematocrit determinations were consistently subnormal and significantly 


TABLE 2 

Summary of Data, Case II {R. T.) 


DIET 

DATE 

WTIGIIT 

E S.R. 

HEMA- 

TOCRIT 

SERUM PROTEINS 

PLASM^V 

VOL- 

UME 

BLOOD 

VOL- 

UME 

TOTAL 

CIRCU- 

LATING 

PRO- 

TEINS 




■1 


Gm. 

CC. 

CC. 

Gm, 


1/ 7/46 
(.\dmitted) 






“ 



Apr./46 

(max.) 

143 

1 

— 

— 

— 

— 

— 

Regular 

7/ 1/46 

129.5 

2S 

22 

T.P.— 7.5 

A. — 4 . / 
G.— 2.S 
i A/G.— 1.6:1 

3,390 

4,346 

i 

254 


9/10/46 

121 

i 

26 

21 ' 

T.P.— 7.9 
A.— 4.9 
G.— 3.0 
A/G.— 1.6:1 

3,129 

1 

3,960 

1 

247 

Regular plus or.al 

11/14/46 

110 

24 

21 

T.P.— 7.5 
A.— 4.1 
G.— 3.4 
A/G.— 1.2:1 

3,662 

4,637 

274 

amino acid ther- 
apy 

Edamin — 275 Gm. 
D.M.— 275 Gm. 
Started 9/16/46 

1/16/47 

lOS 

29 

20 

T.P.— 7.2 
A.— 3.6 
G.— 3.6 
A/G.— 1:1 

3,280 

4,100 

236 

Protein Granules 
(200 Gm.) 
Substituted 12/20/ 
46 

2/ 5/47 

f 

105 

Last 

weight 

record 

1 







j 3/ 8/47 

1 (died) 

— 

— 

— 

1 _ 

1 

1 

— 

— 

— 


unchanged. The total serum protein concentrations remained within normal limits al- 
though the albumin-globulin ratio was depressed (table 1, figure 3). 

Case II: It. T., a white m.ale, age 43 (figure!), was admitted January 7, 1946 with bilateral 
far advanced infiltrative and cavernous tuberculosis with sputum positive for tubercle 
bacilli. On bed rest his weight increased from 123 lbs. on admission to a maximum of 
143 lbs. in April, 1946. A chest roentgenogram in September, 1946 (figure 5) showed dis- 
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weaker, lost weight and his disease progressed, as determined on subsequent roentgeno- 
grams. The patient died IMarcli 9, 1947 after a therapj" period of approximately six months. 

TABLE 3 


Snmmary of Data. CascIII (P. D.) 


DIET 

DATE 

WT. 

E.S.R. 

HEM- 

ATO- 

CRIT 

SERUM 

PROTEIN'S 

PLAS- 

MA 

VOL- 

UME 

BLOOD 

VOL- 

UME 

TOTAL 

CIRCU- 

LAT- 

ING 

PRO- 

TEINS 

LIVER FUNCTION TESTS 


1/25/-13 

Admitted) 

lbs. 

Not re- 
cord- 
ed 

- 

- 

gftt. 

CC. 



CC. 




Au(!./43 

130 1 

- 

- 

- 

- 

- 

- 


RcRiihtr 

0/24/46 

142.5 

25 

24 

T.P.— 7.7 

A —4.5 

G —3.2 
■•V/G.— 1.3:1 

3,526 

4,640 

271 



10/24/40 

136.5 

24 

24 

T.P. -7.5 

A —5.3 

G -2.2 
A/G.-2.4:l 

3,231 

4,251 

245 



1/23/47 

136.5 

23 

24 

T.P. -7.S 

A —5.4 

G -2.4 
.VG.-2.2:1 

2,S16 

3,657 

210 

Bromsulfalcin dyo test 

1 /30/47— 0.5 per cent re 
tention 

12/1S/47— NcRativc 

RpCiilrir pills oni! 
ninino acid 
therapy 

Protolysatc— 310 
Gm. 

n.M.-310 Gm. 
Started 10/2S/40 

4/23/47 

145.5 

22 

22 

T.P. -7.4 

A —4.0 

G -2.5 
A/G.— 1.0:1 

3,521 

4,512 

200 


7/ S/47 

14S 

25 

21 

T.P. — S.2 

A —4.6 

C. —3.6 
A/G.— 1.2:1 

3,S17 

4,S31 

312 

Ceplmlin rioeculntion 
1/30/47 — NcKJttivo 

12/1 S/47— Nepitive 


0/16/47 

i:)2.5 

23 

24 

T.P. —S.2 

A —5.4 

G -2.S 
A/G.-1.0:l 

4.-153 

5,S50 

345 


UoRviltvr from O'" 
i:/-*7tn3/10/-lS 

12 16/47 

i 

[ 

1 

ilM 

1 

1 

23 

1 

25 

t 

T.P. — O.S 

A —4.4 

G -2.4 
A/G.-I.S:1 

3.6,50 

1 

4.SG0 

21C 


j 3/I0/-JS 

} 

[ 

1 no.5 

j 

} 

1 23 
» 

1 

1 »>4» 

1 

j 

T.P. -6.1 

A -3.S 

G —2,3 
A,'G.-1.6:1 

3,407 

1 

4.4031 214 



1 liu dietary program was definitely tinsatisfactory lint his j)rogno.sis was hojK'- 
le.ss from the heginning. There was poor correlation between the blowi volume 
and weight records. Tlie hematocrit was low, the serum protein concentration 
normal, hut the allnimin-glohtdin ratio was subnormal (table 2, figure G). 




Fig. 7. (Left) Case III (P. D.). October, 1916 
Fig. S. (Right) Case III. October 4, 1946 


■ » v<T. 

- — — — — O D.V. 

- - ■ K T.C.P. 




LBS, t «/«/*■» 3/t 3/« 


- SOoJ 3600 
CM. CC. 


THERAPY STARTED 


THERAPY DISCON. 


Fig. 9. Case III. Relation of blood volume, weight and total circulating protein 


ciilosts. His standard norma! weight was 160 lbs., the ma.vimum 195 and tlie entrance 
weight was not recorded because of the pulmonary bleeding. In August, 1943 his weight 
was 136 lbs. and during the ne.xt three years he gained up to 142.5 lbs. (September 24, 1946), 
although his weight dropped to 13S.5 lbs. one month later. A roentgenogram of the chest 
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(Oclohor 10, 1010) (fiKurc S) rcvoak'd that. consul(!ra\)lc clearing liad occurred compared t,o 
tlic admis-sion rindin(::s hut. residual hilatcral emphysema with productive inrdtration and 
multiple small cavities persisted in the upper lunji fields. The sputum was positive for 
M. (uharuloxis and he had the additional complications of amyloidosis (albuminuria, en- 
larged liver, 100 per cent retention of eonno red in tissue) and hoarseness wit hout dysphagia. 

On October 2S, 191G, the hyperalimentation regimen was begun consisting of the 75 Gm. 
protein diet plus Protolysatc (310 Gm.) and an equal amount of Do.vtri-iMaltose. During 
the first two months, the patient vomited about once every other day and had diarrhea for 
one day. llis weight declined to 130.5 lbs. in .lauuary', 1017, but thereafter showed a steady 
increase to 152.5 lbs. on September 10, 1017, when the dietary therapy was discontinued 
after a period of approximately eleven months. In other words, his 11 11). net gain in weight 
(from 13S.5 to 152.5) in this latter interval was greater thiin had occurred in the three year 
previous period while on the ordinary hospital diet. Xo very significant change in the 
pulmonary process was noted on serial roentgenograms. The sputum remained positive 
for .If. tuberculosis, albuminuria diminished, hoarseness i)crsisted and another Congo red 
test (October 3, 1017) showed no change. During supplemental amino acid thera])y, there 
was a concomitant and significant increase in the plasma and blood volumes and the cir- 
culating protein; the serum protein and the albumin-globulin ratio remained essentially 
normal (table 3, figure 0). An abnormal value for the bromsulfalein test, which was 
noted about three months after treatment was started, became normal on completion of the 
dietary therapy. 

The patient reverted to the original regular diet alone and observations were made in 
this control period during the six month interval between September, 1017 and March, 1918. 
He maintained almost the same weight for about three months and then a decline occurred 
to 110.5 lbs. The plasma and blood volumes and the circulating blood protein also dimin- 
ished and the .albuminuria increased (qualitative determination). Fluoroscopic and roent- 
gcnographic examinations of the chest in this period revealed no change. 

The evidence strong^ indicates that the addition and subsequent subtraction 
of tlie protein hydroI}'sate from tlie regular diet in this jiatient was directlj’’ re- 
lated to the rise and fall in weight. 

Case IV; ,1. M., a 11 year old white male (figure 10), entered the hospital April 10, 1911 with 
bilateral pulmonary tuberculosis and a large cavity in the left upper lobe. His weight was 
110 lbs. and the highest recorded weight was 112 lbs. on May 2S, 1016. A two stage thoraco- 
plasty (left) was done September, 1910. Further operation was contraindicated because of 
poor respir.atoiy reserve and a residual cavity and sputum positive for M. tuberculosis per- 
sisted (figure 11). Following thoracoplasty', the weight declined and on December 20, 1916 
it was 99 lbs. at which time he was started on the diet containing 75 Gm. of protein and sup- 
plemented by' Protoly'sate and Dcxtri-Maltosc, 225 Gm. each. The patient’s objection to 
the taste of the product was overcome by' the addition of 4 cc. of peppermint water to the 
liter of mixture. He vomited once on the first day' but at no time did he have abdominal 
cramps or diarrhea. Hy'peralimentation therapy was stopped in September, 1947 after 
about nine months. At this time his weight was 107.5 lbs. which represented a gain of 8.5 
lbs. The plasma and blood volumes and the circulating protein determinations fluctuated 
and showed no consistent correlation with the weight records (table 4, figure 12). Two 
liver function tests were normal. 

During the second control period of six months with resumption of the regular hospital 
diet, the patient e.xceeded slightly' the last recorded weight while he received Protolysate 
(107 .5 to 109.5 lbs.). Serial roentgenograms showed some diminution in size of the residual 
cavity' (left) both during amino acid therapy and subsequently', but the improvement was 
attributed to the bed rest regimen. 
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In summary, this patient tolerated well the h3^peralimentation diet which was 
begun approximate^ three months after the thoracoplast}’^ operation because of 

TABLE 4 


Summary of Data, Case IV (J . M.) 


DIET : 

DATE 

^YT. 

E.S.R. 

HEM- 

ATO- 

CRIT 

SERUM 

rROTELVS 

PLAS- 

MA 

VOL- 

UME 

DLOOD 

VOL- 

UME 

TOT A I 
CIRCU- 
' LAT 
IKG 
PRO- 
TEIN'S 

LIVER FUN’CTIOS TESTS 


Apr./41 

lbs. 

no 

(admit- 

ted) 

- 

- 


CC, 

CC. 

SMI. 


Regular 

11/19/46 

97 

26 

22 

T.P. -7.7 

A —5.7 

G —2.0 
A/G.-2.S: 1 

2,077 

2,663 

159 



12/19/46 

99 

21 

26 

T.P. —6.6 

A —4.3 

G -2.3 
A/G.-1.S:1 

1,9S2 

2,678 

130 



2/19/47 

100.5 

19 

24 

T.P. -6.5 ■ 

A —4.0 

G -2.5 
.A/G.-I.6;l 

2,412 

3,173 

150 

Bromsultalcin dye test 
1/30/47—1.0 per cent rc- 
teiition 

12/23/47—0.5 per cent rc 
tention 

Regular plus oral 
amino acid 

therapy 

Protolysate— 225 
Gm. 

D.JI.— 225 Gm. 
Started 12/20/46 

4/24/47 

101 

11 

20 

T.P. -7.9 

A —4.9 

G -3.0 
A/G.-2.6:l 

1,S32 

2,410 

144 

7/ S/47 

102.5 

20 

22 

T.P. -S.3 

A -5.7 

G —2.6 
A/G,— 2.2:1 

2,040 

2,615 

217 

Cephrtlin riocculation 

1 /30/47— Nogti t i VC 
12/23/47— Negative 


9/14/47 

107.5 

19 

23.5 

T.P. — S.2 

A —5.0 

G —3.2 
A/G.-1.5:l 

1,723 

2,252 

141 


Regular (from 
9/15/47 to 3/10/ 
4S) 

■ 

109.5 

15 

27 

T.P. -7.3 

A -4.7 

G -2.6 
A/G.— l.S:l 

2,139 

2,930 

156 


3/10/4S 

109.5 

10 

23 

T.P. -6.3 

A —3.9 

G —2.4 
.VG.— 1.2:1 

2.3GC 

3,072 

149 

! 



his slow constitutional recoveiy. An increase in weight followed and this ten- 
dency was maintained after amino acid therapj’^ was stopped. 

Case V: I. F., a 35 year old white female (figure 13) with a history of tuberculosis since 1937 
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status slight resolution of the infiltrate in some areas but a definite increase in size of 
cavitation. 

Hyperalimentation tlierapj’ was started March 21, 1947 with the addition to the usual 
diet of 240 Gm. each of Edamin and De.vtri-Maltose. Occasional nausea and vomiting 


TABLE 5 

Sii»)»iary of Data, Case T (7. F.) 


DIET 

DATE 

U’T. 

E.S.R, 

HEM- 

ATO- 

CRIT 

SERUM 

PROTEINS 

PL^VS- 

MA 

VOL- 

USCE 

BLOOI 

VOL- 

UME 

TOTAl 

•CIRCU 

LAT- 

IXG 

PRO- 

TEINS 

LIVER FUNCTION TESTS 

1 

2/18/46 

lbs. 

101 

(admit- 

ted) 

- 

- 

gm. 

CC. 

CC. 



Regular 

Aug./4G 

116 

(max.) 

— 

— 

— 

- 

- 

- 


3/20/47 

1 

105 

25 ; 

21.5 

T.P. —5.8 
.4. —3.2 

G —2.6 ! 

A/G.-1.2:l 

2,801 

3,021 

165 


Regular plus 

nmino add 

therapy 

Edamin — 2-10 Gm, 
D.M.-*240 Gm. 
Started 3/21/47 
Protein granules 
— 350 Gm. 

D.M — 350 Gm. 
Started 5/12/47 

4/24/47 

104 

1 


T.P. -7.4 

A —4.6 

G -2.8 
-VG.— t.3:I 

2,355 

2,945 

174 

Bromsulfnlein dye test 
3/23/47— S. 5 percent r 
1 tention 

12/20/47— Negative 

5/22/47 

101.5 

1 

1 

1 27 

1 

! 

19 

! 

T.P. —8.1 
—4.5 

G —3.6 
.VG.-1.3;! 

2,233 

2:757 

ISO 


7/24/47 

98 

20 

1 

! 19.5 

T.P. —8.4 
.4 —5.7 

G -2.7 
A/G.—2.1 

2,438 

2,931 

204 

Ccphalin Flocculation 
3/23/47 + 

12-29-47— Ncgiitive 


9/ 9/47 

Si' 

19 

20 

T.P.— 8.1 

A —4.7 

G —3.4 
A/G.— 1.3:1 

2.23S 

2,797 

ISI 


Reguliir (from 
9/10/47 to 3/12/ 
48) 

12/18/47 

94.5 

24 

24 

T.P. —7.8 

A —4.0 

G —3.2 
.A/G.— 1.4:1 

2,046 

2,692 

159 


3/12/48 

00 

22 

IS 

T.P. —7.0 

A —4.1 

G —2.9 
A/G.-l.4:l 

2,347 

2,S62 

104 



occurred and, because the mi.xturc became distasteful, 350 Gm. of Protein Granules wore 
substituted on May 12, 1947. This product was more palatable but had to bo discontinued 
on occasions. After approximately six months, the dietary regimen was stopped in Septem- 
ber 1947. Progression of the pulmonary disease on the right side was noted and she lost 
7 lbs. (from 104 to 97) during therapy. Further loss of weight occurred in the six months 
post-therapy observation period, 90 Tbs. on March 12, 194S, although the roentgenogram of 
the chest showed slight regression of disease. 
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The blood volume and the circulating protein determinations for the most part did not 
parallel the weight records (table 5, figure 15). The result of the bromsulfalein test was 
definitely abnormal at the onset of treatment and later reverted to normal. 


r M 


Fig. 13. (Left) Case V (I. F.). March, 1947 
Fig. 14. (Right) Case V. March 3, 1947 


LBS. 2 / 1/47 J 4/1 

THERAPY STARTED 


THERAPY DISCON. 


GM. CC. 


Fig. 15. Case V. Relation of blood volume, weight and total circulating protein 

In summary, the results -with hyperalimentation in this patient were poor 
both from the point of view of tolerance to it and from other objective findings. 
The unfavorable constitutional trend which was present before and during treat- 
ment also continued after its cessation. 
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parent, after five to seven niontlis of therap 3 ’. It was felt that these patients re- 
vealed inoi'c improvement with the combination of bed rest and hj'peralimen- 
tation than could have been expected ordinarily. In none, however, was there 
an increase in the ifiasma protein to match the increase in weight. 

Many p.atients with advanced disease will show significant constitutional and 
roentgenologic improvement, for I'ariablc jicriods of time with bed rest and the 
usual dictaiy progmm. In this report, the clinical proctocols of the patients, 
together with their iihotographs and chest roentgenograms at the time the lyper- 
alimentation commenced, give adequate visualization of theirgencrall 3 ’'poorcon- 
dition and the far advanced tuberculosis. It is believed that the control periods 
of the experiment in these G cases in comparison with results obtained during the 
dietaiy therap.v permitted a fair evaluation of h.vperalimcntation. Three pa- 
tients (Cases I, III, R’) showed .signilicant. constitutional response wth gain in 
weight for which the supplemental protein hj’droh'sate regimen deserves most 
or all of the credit. The pulmonaiy lesion was improved in 2 and .stationaiy in 
one but these effects could not. be iiroperlj* attriVmted to lyperalimentation per 
so. One patient (Case I) died suddenh' and 2 arc living after the rcgidar diet 
wa.s resumed. One of t.hc.so patients (Case III) lost weight and the other (Case 
IV) continued to increase his weight. The second group of 3 patients (Cases II, 
V, VI) lost weight during hyperalimentation and also revealed roentgenologic 
progression of tuberculosis, although in one the disease subscquentl}’’ became 
quiescent probably due to streptomj'cin therapy, and thoracoplasy was per- 
formed. This patient (Case "IT) thereafter gained weight on the regidar diet 
alone. Another living patient (Case V) continued to lose weight after the ordi- 
nary hospital diet was reinstituted, while Case II died from further dissemination 
of pulmonaiy tuberculosis. 

The laboratoiy test which has been used most wideh' in the detection of pro- 
tein deficienc.v is the concentration of the plasma or serum protein. According 
to Peters and Eisenman (7) the normal range of total protein is from 6.0 to S.O 
Gm. per 100 cc.; the albumin is between 4.0 and 5.5 and the globulin from 1.4 to 
3.0 Gm per 100 cc. This test, however, does not necessaril}' afford an index to 
the protein store in the bodj', as in jiatients with a slow development of protein 
malnutrition there maj^ be no manifest h.viioproteinemia until a considerable 
protein deficienci' occurs in the tissues. Also in protracted infections there is 
frequenth' a shruikage of the blood volume with loss of water which results in a 
relative increase in the seium protein (S). The actual concentrations of the 
albumin and globulin fractions are of more significance than their ratio. A low- 
ered albumin, especiallj’- below 2.5 Gm. per 100 cc., is usualty associated with 
franlv edema although such factors as bed rest and dely^dration ma}’’ retard or 
lessen the edema. None of the patients actualN showed edema or hjqioprotein- 
emia below the critical level; the globulin on occasions was high normal or above. 
Deteiminations of the plasma and blood volumes and the total circulating blood 
protein maj^ give a more accurate picture of the state of protein nutrition, par- 
ticularlj" in the earlier stages of deficiencj’- and before the onset of edema. Chow 
(9) has stated that regeneration of total protein maj^ occur after the administra- 
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SmCVLARY 

Protein hydrolysates containing varjdng amounts of amino acids were used 
orallji" to supplement the regular hospital diet in 6 tuberculous patients who had 
shomi an unfavorable clinical or roentgenological course. The dietary therapy 
was continued for sbc to eleven months. Four of the surviving patients were 
then returned to the routine diet and were obseiwed during a sbc month control 
period. 

During hypei^limcnt.atiou, 3 patients gained weight and the beneficial effect 
was attributed primarily to the therapy. The pulmonary lesions of these 
patients were either improved or stationarj^ as determined by roentgenography. 
One p.atient died suddenly. Of the two living patients, one lost and the other 
continued to gain weight after the regular diet alone was resumed. The remain- 
ing 3 patients (one died) lost weight during hydrolysate therapj’- and showed evi- 
dence of progression of their tuberculosis. After resumption of the regular diet, 
one patient lost and the other gained weight. 

Tuberculous patients who show emdence of clinical deterioration, or in whom 
it maj’^ be desirable to attempt improvement of the nutritional status preliminary 
to or after thoracic surgerj’', may be suitable subjects for hyperalimentation with 
particular emphasis on increased protein. The advantages and disadvantages 
of the oral use of protein lu’-drolysates are discussed. 

STOL\RIO 

La ProieohidroUsaiolerapia Oral Complementaria en la Tuberculosis 

Empledronse por via bucal hidrolisatos de protelna que contenian distintas 
cantidades de amino-acidos esenciales para complementar la habitual alimen- 
tacidn hospitalaria en 6 tuberculoses que hablan mostrado una evolucidn cllnica 
o roentgenoldgica desfavorable. La dietoterapia continud de seis a once meses. 
Cuatro de los sobre\aviente3 fueron entonces puestos de nuevo a la dieta corriente 
y observ’^ados durante un perlodo de comprobacidn de seis meses. 

Durante la hiperalimentacidn, 3 enfermos aumentaron de peso, atribuyendose 
el beneficio primordialmente al rdgimen empleado. Segiin determind la radio- 
grafla, las lesiones pulmonares de estos enfermos o bien mejoraron o se estaciona- 
ron. Un enfermo murid repentinamente. De los dos vivos, uno perdid y el 
otro continud ganando peso despuds de reanudarse la dieta regular sola. Los 
otros 3 enfermos (uno murid) perdieron peso durante la hidrolisatoterapia y 
revelaron signos de agravacidn de su tuberculosis. 

Los tuberculoses que revelan signos de deterioro cllnico, o en los que puede 
convenir tratar de mejorar el estado nutritive antes o despuds de la cirugla 
toracica, pueden constituir sujetos apropiados para la hiperalimentacidn, ha- 
ciendo en particular hincapid en un aumento de protelna. 
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NINETY CONSECUTIVE CASES OF PULMONARY TUBERCULOSIS 
TREATED BY A COMBINATION OF STREPTOMYCIN 
AND PNEUMOTHORAXi-2 

GEORGE A. HYAL\N and STANLEY H. HOFFAIAN 
(Received for publication August 19, 1948) 

INTRODUCTION 

In tliis article 90 consecutive cases of pulmonary tuberculosis, treated at 
Fitzsimons General Hospital during the years 1946-1948 with a combination of 
pneumothorak and streptomycin, are presented. In a separate communica- 
tion (1) the writers have attempted to evaluate another type of collapse pro- 
cedure, pneumoperitoneum, in connection with streptomycin. 

Because of the inadequate results frequently obtained following the use of 
streptomj'cin alone (2, 3, 4, 5), the wuriters became interested in combining 
temporaiy collapse measures with streptomycin therapy. The purposes of 
these additional measures are twofold: (1) to maintain closure of cavities and 
promote their healing; (S) to obtain closure of cavities that did not close or 
could not be expected to close on streptomycin alone. 

It is considered to be extremely important that cavity closure be obtained as 
soon after the initiation of streptomycin therapy as possible because of the high 
percentage of cases in which drug-resistant strains of tubercle bacilli emerge (6). 
At the Fitzsimons General Hospital this phenomenon occurred in 36 per cent of 
a series of patients who received 2 Gm. of streptom 5 'cin daily and in 29 per cent 
of a group treated with 1 Gm. daily. The combined series totalled 361 patients. 

If each step in the therapeutic plan be carefully thought out, succeeding meas- 
ures will not be jeopardized by overzealous but ill-advised or untimely use of 
streptomycin. It has become obvious from experience at Fitzsimons General 
Hospital that it is most advantageous to use a short course of streptomycin as 
early in the treatment as possible, to be followed by other measures if this is not 
definitive. Othen\’ise, in the face of drug resistance, if surgei^’' is required it 
must be performed without chemotherapeutic protection against spread of the 
infection (7). 

The same criteria for selection of collapse procedures, as recommended by 
Rafferty (8), Avere used in the cases of the present stud}’" as in nonstreptomj’'cin 
treated cases. 

It is believed that the trend of treatment of ca\dtary lesions in pulmonary’- 
tuberculosis is changing toward the use of streptomycin in conjunction with 
some tjTie of collapse measure, as demonstrated by the following evaluation of 
90 cases treated b^' the combined method. 

’ From the Medical Service, Fitzsimons General Hospital, Denver, Colorado. 

- Published with permission of The Surgeon General, U. S. Army, who .assumes no respon- 
sibility for the opinions expressed or conclusions drawn by the authors. 
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The roentgenographic results were classified into five categories. These were “excel- 
lent,” “good,” “fair,” “slight,” “no change or worse.” A spectacular roentgenographic 
clearing plus cavity closure was graded as “excellent.” A grade of “good” was given 
if marked roentgenographic regression occurred that was superior to that expected on bed 
rest but where cavity closure was not as prompt or as complete as in the “excellent” cases. 
Results which were better than normally anticipated on bed rest were classified as “fair.” 
The remaining two categories, “slight” or “no change” are self-explanatory. 

The grading of improvement in clinical symptoms closely follows that used for the classi- 
fication of roentgenographic regression. Cough, sputum production, weight, toxicity, and 
erythrocyte sedimentation rate were the factors taken into consideration. Roentgeno- 
grams, sputum examinations, and erythrocyte sedimentation rates and weight determina- 
tions were obtained at monthly intervals. Cultures of the gastric washings and special 
roentgenograpis were obtained whenever indicated. 

There was only one minimal case of pulmonary tuberculosis in the series. Of the cases, 
54 or 60 per cent were moderately advanced and 35 or 39 per cent were far advanced. The 
average period of observation was approximately ten months, the shortest being four 

TABLE 1 


Combined Treatment with Streptomycin and Pneumothorax 



« 

TOTAL 

SEX 

COLOE 

AGE 

N. T. A. 
CLASStnCATION 

Male 

Fe- 

male 

TOite 

Col- 

ored 

1 

Others 

i Teen 
to 19 

20 to 
29 

30 to 
39 


1 Min. 

Mod. 

Adv. 

Far 

Adv. 

Number 

90 

100 

84 

93 

6 

7 

76 

85 

11 

12 

3 

3 

20 

22 

49 

54 

16 

18 


■ 

54 

60 

35 

39 

Percentage 


TABLE 2 

Combined Treatment with Streptomycin and Pneumothorax 



STSEPTOUTCIN EOLIjOWED 
. BY PNEUMOTHOEAX 

STEEPTO^ON anp 
PKE imOIHOSAX 
SI1^7LTA^’EOt7SLV 

PNEUMOTSOEAX POLIOWED 
BY STEEPTOiEYON 

Total 

50 

55 

15 

17 

25 

28 

Percentage 



months and the longest four years. Every effort was made to be extremely conservative 
in the evaluation of these cases. 

The efficacy of streptomycin in the treatment of moderately advanced and far advanced 
cases of pulmonary tuberculosis has been well demonstrated by many investigators (3, 10, 
13,14 and 25). 

Rapid spontaneous regression was not likely to occur in these patients as they had re- 
ceived a course of bed rest therapy without regression prior to the institution of combined 
treatment. 

Of the 90 patients treated, 76 were white, 11 were Negroes, and 3 were Chinese or Japan- 
ese. Eighty-four were males and 6 were females. The largest age group was between 
20 and 29 which included 49 of the cases, and 20 were in their teens. Sixteen were between 
the ages of 30 and 39. Only 5 of the patients were over 40. 

The series is divided into 3 groups. The first and largest group consisting of 50 cases, or 
55 per cent, are those cases treated with streptomjxin for at least one month prior to the 
induction of the pneumothorax. The second group consists of 15 cases, or 17 per cent, which 
had pneumothorax and streptomycin started simultaneously. In all cases in this group 
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cent had “good” or “excellent” clinical improvement. Only 3 patients showed 
no roentgenographic improvement or became worse and only one case failed to 
show any clinical improvement. 


TABLE 3A 


Streptomycin Instituted Prior to Pneumothorax 
Reversal of Infectiousness and Cavity Closxire 
Before Combined Treatment 


“Sputum conversion” on strep- 
tomvein alone 

2G (52%) 

24 (48%) 

Cavity closure on streptomy- 
cin alone 

5 (10%) 

45 (90%) 

No “sputum .conversion”- on 
streptomycin alone 

No cavity closure on strepto- 
m 3 ''cin alone 

Total 

50 (100%) 

Total 

50 (100%) 




After Combined Treatment 


“Sputum conversion” after 


Cavity closure after pneumo- 


pneumothorax added 

34 (68%) 

thorax added 

24 (48%) 

No “sputum conversion” after 

No cavit 3 ’' closure after pneu- 

pneumothorax added 

16 (32%) 

mothorax added 

26 (52%) 

Total 

50 (100%) 

Tntjtil 

50 (100%) 




TABLE 3B 


Streptomycin Instituted Prior to Pneumothorax 
Duration of Follow-up after Combined Treatment in Patients Without “Sputum 
Conversion” or Cavity Closure 


FOIXOW-OP— inmBEE OH UONiaS 


TOTAL 




I to 2 

2 to 3 

3 to 4 

4 toe 

6 to 9 

No “Sputum Conversion” .... 

16 

0 

6 

5 

2 

3 

No Cavit 3 ’ Closure 

26 

6 

8 

6 

4 
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TABLE 3C 


Streptomycin InstihUed Prior to Pneumothorax 
Cavity Closure 



TOTAL 

MODERATELY 

ADVANCED 

FAS 

ADVANCED 

MORE THAN 

SO PER CENT 

LESS THAN 

50 PER CENT 


Num- 

ber 

Per 

cent 


Per 

cent 

Decrease in 
Cavity Size 

Decrease in 
Cavity Size 

Cavity Closure 

No Ca\dty Closure after Combined 

24 

18 

1 

75 

6 

25 

Complete 

Complete 

Treatment 

26 

13 

50 

13 

50 

13 (50) 

13 (50) 


A comparison is shown in Table 4B between the adequacy of pneumothorax 
and the final results. It can be seen that there is a direct correlation between 
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those cases in which streptomycin was added shortly after pneumothorax was 
induced. In all of these cases pneumothorax was continued after streptomycin 
was given. 

Of the 25 cases, “sputum conversion” occurred in 5 on pneumothorax alone. 
In an additional 13 cases the sputum became negative for tubercle bacilli (cul- 
ture) after streptomycin was added. In only 6 cases did the sputum remain 
positive for tubercle bacilli. A direct parallel can be drawn in regard to cavity 
closure. On pneumothorax alone, only 5 cases showed cavity closure on the 
roentgenogram, whereas an additional 12 had closure after streptomycin was 


TABLE 5A 

StreptoJiiycin and Pneumothorax Started Sunultaneously {15 cases) 
“Sputum Conversion" and Cavity Closure 




PER CENT 

“Sputum Conversion” 



Yes 

11 

73 

No 

4 

27 




Total 

15 

100 

Cavity Closure 



Yes 

10 

67 

No 

5 

33 



Total 

15 

100 


TABLE 5B 


Streptomycin and Pneumothorax Started Simultaneously 
Total Evaluation at End of Observation Period 



TOTAL 

"excel- 

lent” 

**GOOD** 

* 

"rAix" 

“sught” 

“none” ok 
“wosse” 

Roentgenographic Improve- 
ment 

■ 

6 

6 

2 

1 

0 

Clinical Improvement 

■9 

5 

5 

4 

1 

0 


added. In 8 cases, visible cavitation persisted, but 4 of these have been followed 
for less than four months since combined therapy was instituted (table 6A). 

Roentgenographic improvement was “excellent” in 5 cases, “good” in 11 
cases, and S showed “fair” improvement. Only one case showed “slight” im- 
provement and none became “worse”. 

A final, complete evaluation revealed that “excellent” clinical improvement 
occurred in 6 patients and 8 were classified as “good.” Eight patients showed 
a “fair” improvement and 3 failed to improve (table 6B). 

Nine patients in this gi-oup had what was considered an “excellent” pneu- 
mothorax and in 7 the collapse was considered as “good”. Of these 16 patients, 
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9 had “excellent” and 5 had “good” final results which also shows a clear corre- 
lation between results and the type of pneumothorax. In summary, 20 of the 
25 patients, or SO per cent, showed “good” or “excellent” final results when 
streptomycin was added to pneumothorax (table 6C). 

TABLE 7 


Bronchoscopy (45 of 90 cases) 



STREPTOiTYON 
PRIOR TO 
PNEUMOTHORAX 

STREPTOMVaN 
AND PNEUMO- 
THORAX SIMU3> 
TANEOUSLY 

PNEUMOTHORAX 
PRIOR TO 
STREPTOMYaN 

TOTAL 

Total Bronchoscoped 

27 

2 

16 

45 (100%) 

23 (51%) 

22 (497o) 

IS (82%) 

2 (9%) 

2 (9%) 

Endobronchial Disease 

No 

14 

1 

8 

Yes 

13 ' 

1 

8 

Cured 

10 


8 

Improved 

2 



Unchanged 

1 

1 






Fig. la. (Left) Case 1(a) before combined treatment; duration of disease for three 
months. Throe large cavities are present in left upper lung. 

Fig. lb. (Eight) Case 1(b) seven months after institution of simultaneous treatment 
with streptomycin (2 Gm. per day for 120 days) and left pneumothorax. The cavitation is 
no longer visible and there is marked clearing of the infiltration in the left lung. Last 
sputum positive for tubercle bacilli was in hlay, 1947. 


BRONCHOSCOPY 

Since 45 patients were bronchoscoped in this series, it is considered worth 
while to devote a paragraph to the findings. In 22 of the 45, or approximately 
50 per cent of the cases, the typical findings of endobronchial tuberculosis were 
found. Three categories of endobronchial tuberculosis tvere designated: ( 1 ) 
submucosal, with a j-ellow productive nodularity on a reddened mucosa; (5) 
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Fio. 2ji. (Loft) Case 2(a) l)eforc comhincii treatment; duration of disease for four 
months. Massive involvement of lower two-thirds of left lung with 3 cm. cavity in midlung 
field and a 3 cm. cavity in left hilar region. 

Fig. 2b. (Uight) Case 2(b) seven months after institution of combined therapy; left 
pneumothorax induced .lanuary 13, 1047. Streptomycin started February 17, 1047 (2 Gm, 
per day for 120 days). Last sputum positive for tubercle bacilli was in May, 1047. 



Fig. 3a. (I.Cit) Case 3ta) before ronibine.l treatment; iltiration of di.se.aso for three 
months, llilateral exiidative-proiluctive di.sea.se present involving ;dl lobes of the left 
lung ami right upper lung; 3 rm. cavity in left upper lung- 

I'lG. .31). (Itightf Ca.se 3(bl seven months after institution of .sinudtaneou.s treatment 
with .streptomyriii (2 (iin. [ler day for t.V) days! and left pneum')thorax. The cavity is no 
bmgi-r visible in the left upp-r lung and there i.s almost complete clc.'iring of hoth lung fields. 
Last sputum positive for tubercle bacilli wa.s in ,\pril, 1017. 



STREPTOMYCIN xVND PNEUMOTHORAX 


549 


ulcerative, shomng a velvety, granular base vath ulceration ; and (S) fibrostenotic. 
The diagnosis was usually made on the basis of one examination. After treat- 
ment with streptomycin, 18 of the 22 patients, or 82 per cent, showed noe\ndence 
of endobronchial disease on bronchoscopy and 2 showed healing lesions. In two 
instances the lesions were unchanged as determined bj^ bronchoscopy. The 
majority of the cases of endobronchial disease were present in the group which 
received streptomycin prior to pneumothorax. Thus the antibiotic treatment 
made it possible for an effective pneumothorax to be induced. In several other 
patients' in whom tension cavities developed while receiving pneumothorax, 
streptomycin was instrumental in controlling the endobronchial tuberculosis and 
thereby promoting healing of the parenchymal lesion. 

DISCUSSION 

The writers are aware of the difficulty of evaluating the role pla 3 ’’ed bj'’ either 
streptomycin or pneumothorax alone in the treatment of pulmonary tubercu- 
osis and realize that it is even more difficult to attempt to evaluate the role 
played by each when they are used together. In addition cavity closure does 
not necessarily mean healing (7). It is believed, however, that by analj’^zing 
the results in this series certain deductions can be made. 

It might be assumed when streptomycin was used first and followed bj'' pneu- 
mothorax, that the therapeutic burden was carried by the antibiotic. The re- 
sults seem to definite^ indicate, however, that this is not the case. In the 
group in which streptomycin was used first, only 5 cavities closed on streptomy- 
cin alone. In an additional 19 cases, cavity closed roentgenologically after pneu- 
mothorax was added to the treatment, which represents a fourfold increase in 
closure. Other investigators who have used streptomycin alone in the treatment 
of cavitary disease report that it is not adequate treatment for obtaining perma- 
nent closure. D’Esopo (2) states “X-raj’- films of 11 of 14 patients revealed a 
reduction in size of cavities during the first 2 months of streptom 3 '-cin therapy, 
but in only 1 instance did unequivocal ca-vity closure occur.” In addition, the 
same writer and others have found that streptom 3 ’'cin-resistant tubercle bacilli 
appear in a high percentage of patients with persistent ca'vitary disease. It 
has also been the experience at Fitzsimons General Hospital, as well as that 
of other investigators, that a significant number of cavit 3 '’ closures occurring 
on streptomycin alone reopen after the streptom 3 ^cin is discontinued (2). There- 
fore the writers are in agreement with D’Esopo (2) who believes “That there 
might be an optimum time during the course of streptomycin therap 3 ’- when the 
institution of collapse procedures might har’-e preserved what improvement had 
occurred.” 

Although pneumothorax itself is an accepted method of treatment for cavitary 
disease in pulmonar 3 '' tuberculosis, as is borne out by numerous investigators 
(16, 17), this series demonstrates that in man 3 ' cases pneumothorax produced 
optimum results onl 3 ' after streptom 5 min had been added. This was shown b 3 ’' the 
group of 25 pneumothorax cases in which streptom\'cin was given as an adjunct. 
Onl 3 ’^ 5 of these cases experienced ca'\uty closure on pneumothorax alone, whereas 



550 


HTALlJr AND HOFIMAN 


an additional 12 experienced cavity closure when streptomycin was added. A 
strikingh^ comparable result was seen in the reversal of infectiousness. 

Nine of the IS cases which eventuall 3 ’^ showed "sputum conversion,” had been 
maintained on pneumothorax from four to twelve months prior to the addition 
of streptomj^cin therapy. Eight of these 9 "converted” their sputum within the 
first two months after strep tomj’cin was added to the pneumothorax. This 
indicates the role of the combined treatment in hastening the healing of an other- 
wise sluggishlj’^ responding process. 

Excellent results Avere also obtained in a smaller group in which the combina- 
tion of streptomjmin and pneumothorax AA’as introduced simultaneousl3^ EleA-en 
of the 15 cases “conAferted” their sputum and 10 obtained caAuty closure. This 
further bears out the efficacj’^ of combined treatment. 

Long term observations will be necessarj'^ to determine the optimum time either 
for introducing pneumothorax as an adjunct to streptomjmin or streptomA'cin 
as an adjunct to pneumothorax in caAntarj' disease. EA*en at this earlj' stage, 
hoAveA-er, certain factors can be recognized. 

Pneumothorax has been shoA\-n to decrease the circulation of the collapsed lung 
bj’^ Dock (IS). It is theoreticallj’ possible, therefore, that streptomj’’cin should 
be gh’^en for several weeks prior to the induction of the pneumothorax in order 
to obtain maximum streptomycin concentration in the diseased tissue. 

It appears probable that, if a pneumothorax is introduced AA’hile the patient 
is receiAung streptom 3 ’’cin, a certain amount of protection against post-induction 
emps^ema and spread of disease is afforded. In the 65 cases presented in this 
series in AA'hich “protection” was given bj’^ streptomycin at the time of induction, 
no case of extension of disease or empj’ema occurred. In pre-streptomA*ciu da3’s, 
emp3'ema usuall3’^ occurred in 5 to 10 per cent of the cases in which pneumothorax 
was maintained and extension of the pulmonar3’- disease occurred in an appre- 
ciable number. Gibbons (19) reports that 10.2 per cent of 663 cases deA'eloped 
emp3’^ema during pneumothorax treatment. The usual incidence of puiulent 
effusion occurring during pneumothorax is discussed b3* Weisman (20). In 72 
of 150 patients, pleural effusion was noted following the induction. Thirt3'-tlu'ee 
effusions were aspirated of which 10 AA'ere original^ purulent, and an additional 
7 later became purulent. The peak incidence of effusions AA'as reached earh' in 
the third month. 

Streptom3^cin has been demonstrated to be most effecti\’'e if introduced earl3' 
in the course of the disease. The exudatwe stage of the lesion is most prom- 
inent at this time and tliis is known to respond best to streptom3'cin (21). This 
must be taken into consideration before inducing a pneumothorax alone, in that 
the exudatiA’^e element aauII graduall3’’ comprise a smaller percentage of the path- 
ological process as time elapses. If it is then found that a pneumothorax is 
incapable of healing the disease alone, introduction of streptom3min ma3’ not be as 
efficacious as it Avould haAm been much earlier in the disease process. 

It seems to the authors that the aboA-e mentioned facts and data indicate that 
in the majority* of cases the optimum treatment of pulmonar3’ tuberculosis AA’ith 
caA'itation will result from a course of streptom3min started seA'eral AA'eeks before 
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SUAIARIO 

Novcnia Casos Co7isccuHvos dc Tuberculosis Pulmonar Tratados con una 
Comhinacioti dc Estrcptomicina y Neumotorax 

El estudio presentado versa sobre 90 casos consecutivos de tuberculosis 
pulmonar tratados en el Hospital General Fitzsimons de 1946 a 1948 con estrep- 
tomicina intramuscular y neumotdrax. La serie comprendid un caso de tuber- 
culosis pulmonar minima, 54 lesiones moderadamente avanzadas y 35 casos muy 
avanzados. El resultado indica que un mdtodo terapdutico que combina el 
neumotdrax y la estreptomicina ofrece un medio muy eficaz de tratamiento para 
la tuberculosis pulmonar. 
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of tliD control group wns sacrificed at the time treatment was started to determine the extent 
of disease at this time, while the other control animals were killed at the end of the two 
treatment periods. Of the treated animals the majority (46) were sacrificed after 24 days 
of treatment or died within near range of that period, while 18 animals were treated for 45 
days or died shortlj' before the termination of the experiment. The exact arrangement of 
the c.xpcriraent with divisions made according to the length of treatment is shown in table 1. 

The streptomycin was dissolved in sterile distilled water and was given in one daily dose 
of 8 mg. contained in 1 cc. of solution. The PAS was carefully weighed, dissolved in dis- 
tilled water, brought to a pH of 7.0 with NaOH and sterilized by passage through a Seitz 
filter. It was prepared in a 2.5 per cent solution and a total daily dose of 250 mg. was given 
by subcutaneous administration of 5 cc. of the solution twice daily. The large dose of PAS 

TABLE 1 

Arrangc/nent of Experiment 

70 guinea pigs inoculated subcutaneously with 0.1 mg. of tubercle bacilli (H-S7RV) 
Treatment begun 21 days after inoculation 


ExmmENT 

KiniCER 
or GUINEA 
FIGS 

DRUG 

ROUTE 1 

j 

TOTAL 

DAILY 

DOSE 

DISTRIBUTION 

NUITDEB 
or DAYS OP 
TREATMENT 

la 

10 ! 

streptomycin 

subcutaneous 

8 mg. 

1 dose 

24 

Ib 

16 

PAS 

subcutaneous 

250 mg. 

2 equal doses 

24 

Ic 

10 

streptomycin 
and PAS 

subcutaneous 

8 mg. 
250 mg. 

1 dose 

2 doses 

24 

Ha 

7 

streptomycin 

subcutaneous 

8 mg. 

1 dose 

45 

Ilb 1 

1 

Animals intended for PAS treatment in this group died prematurely and were 
included in Ib. 

lie 

7 ! 

streptomycin 
and PAS 

subcutaneous 

8 mg. 
250 mg. 

1 dose 

2 equal doses 

45 


Controls 


Ilia 

10 

Killed at beginning of treatment 

Illb 

0 

Killed with Group I 

IIIc 

4 

Killed with Group II 


used was decided upon after consideration of the 14 to 15 Gm. daily dose used in clinical 
trials (1, 2, 7, S). 

Careful postmortem examinations were performed on all animals. Sections of spleen, 
liver, and lung were taken and both hematoxylin and eosin and acid-fast stains were made. 
An evaluation of the amount of tuberculosis present in each animal was made from com- 
bined study of the macroscopic and histological findings. 

RESULTS 

The results of treatment as compared with the findings in the control groups 
are presented in figures 1, 2, and 3. It may be seen from figure 1 that systemic 
tuberculosis was present in all control animals at the time treatment was started. 
It is believed that a more reliable evaluation of the effect of chemotherapeutic 
agents in tuberculosis is obtained if treatment of the animals is withheld until 
the disease has been fully established. 

In figure 2, which shows the results of the short-term therapy, it is obvious that 
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= Grade I ^ = Grade III 

r Grade II HP Grade 17 

Figs. 1, 2 , and 3. — ^An arbitrary scale of four grades of tuberculous involvement evaluated 
from the macroscopic extent of disease with microscopic confirmation. 

The numbers under some of the animals indicate that these died spontaneously; the 
numbers under control animals indicate number of days after infection when death oc- 
curred; the top numbers under treated animals indicate the number of days of treatment; 
the bottom numbers, the number of days after infection on which death occurred. 



Fig. 2. E.xperiment I 24 day treatment 



ACTIVITT OF STEEPTOMYCIN AND PAS 


557 


the tuberculosis in the untreated animals had continued to progress while those 
receiving streptomycin alone had on an average no more extensive disease than 
at the time treatment was started. The results in the group receiving PAS alone 
appear to be better than in the streptomycin group, but it must be remembered 
that the dose of PAS was veiy large (30 times that of streptomycin), so this does 
not indicate any superiority of PAS over streptomycin. The most striking 
results in the short-term treatment groups were found in the one receiving a 
combination of the two drugs. Only 2 animals in this group had as much as 2 





Fig. 3. Experiment II 45 day treatment 

plus involvement of any organ, while the others had only minimal disease or 
none at all. 

Figure 3 shows the results of the longer term of therapy. Again, the control 
animals which lived until the termination of the experiment showed further 
progression of the disease. Those receiving streptomycin for this length of time 
were beginning to show actual regression in the extent of disease, while those 
receiving both streptomycin and PAS showed a strikingly small amount of 
involvement which was no more than minimal in any of the animals. 

The results of the complete experiment are expressed numerically in table 2, 



558 


BLOCH, VENNESLAOT), EBERT AND GOMORI 


which gives the average tuberculosis index for each of the groups. As in the 
culture experiments, the findings in animals indicate the striking inhibitory 
effect of the combination of the two drugs compared with that of each of the 
agents alone. 

The microscopic as well as the macroscopic involvement of the lungs was 
comparatively slight even in the controls. The difference in the histologic 
changes between the treated groups of animals and the control groups was 
especially marked in the spleen and the liver. 

In all the treated groups the changes were essentially the same except for the 
fact that they were most pronounced and frequent in the group receiving the 
combination of streptomycin and PAS. They consisted of two tjqjes of response. 
The first tjqje was no different from the typical regressive changes seen in any 
case of healing tuberculosis, i.e., progressive fibrosis ending in complete dis- 
appearance of tuberculoid structure (figure 4a) and occasional calcification, 
especially in the spleen (figure 4b). The second type of response occurred chiefly 


TABLE 2 
Tuberculosis Index 

Combined Macroscopic and Microscopic Findings 


TREATMENT 

KII.I.ED AT 
BEGINNING OF 
TREATMENT 

TREATED 24 DAYS 
OR DIED 

TREATED 45 DATS 

Controls 

4.4 (10) 

7.5 (6) 

4.3 (10) 
2.62 (16) 

1.2 (10) 


Streptomycin 

PAS . .....* 


Streptomycin and PAS 




The tuberculosis index is calculated from combined macroscopic and microscopic find- 
ings in the lung, liver, and spleen, grading each organ from 1 to 4. The maximum index 
possible is 12. The figures given are the average indices for each group. The figures in 
parentheses are the number of animals in the groups. 

in the lungs and was similar to the changes reported by Krause (10) in anthracosis 
of guinea pigs. In some sections very large numbers of rounded lymphocytic 
infiltrates without a trace of specific reactions could be seen (figure 4c) ; it was 
impossible to decide whether all of them were residuals of pre-existing tubercles. 
In other sections the centers of similar structures appeared slightly lighter than 
the peripherj’^ so as almost to suggest germinative centers. When examined 
under high power, however, a munber were recognized as tubercles in various 
phases of regression. At first the epithelioid cells showed a peculiar shrinlcage, 
causing an early collapse of the typical architecture of the tubercle (figure 4d). 
At the same time a dense lymphocytic infiltrate formed at the periphery of the 
lesion. The center then gradually shrank to complete disappearance, lea^^ng 
only a round accumulation of lymphocytes (figure 4e), with or without a few 
scattered giant cells. Eventually the Ijnnphocytes too disappeared, and the only 
residual was a small streaky scar which was infiltrated with a few round cells. 
Occasionally in the liver a few giant cells singl}’’ or in small groups remained 
scattered without any surrounding granulation tissue (figure 4f). 
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I'lo. 1. :i. SpU'('n. a completely libropeil malpiicliian follicle. 1). Caleiticalioii in the 
i'i'lecii. e. Lymphocytic accnmiihitioiiiJ in the hums. <1. 'rnhcrcle witii .‘■■mall, siiriinken 
cpit lielioi(i cells and peripheral lymphocytic intilt ration, o. Tort her at ropliy of cpit hcHoid 
cells with complete disniipenrancc of tnherculoiil structure, f. I.'^olatcd ciatit cells in the 
liviT. p. .Myeloid inctapla.'-ia in .spleen. Siniisc.s full of myeloid cells. 


Another intore.stiiiii fitKiiiip: was intenso myeloid metaplasi.n in the .spleen 
(iiimre 1^) and .sotnetiinc.s in the liver. Oeeasionnliy llie hlood in :dl vessels 
contained siu-h large nnmher.s of myeloitl cells as tire n.sntilly .sih'ji only in e;is<-s 
ol true leukemia. .Mthongh this observation was mtuie in 2 of the stn'i'tomyrin- 
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treated pigs and even in one of the untreated controls, it vas much more pro- 
nounced in the animals which had received PAS either alone or in combination 
with streptom3’-cin. It was seen in a total of 12 such animals, 7 of which had 
received PAS alone and 5 the combined treatment. 

The toxic effects of this large dose of PAS were considerable. Subcutaneous 
administration caused much local induration of the tissues and at autopsj’- 
hemorrhagic and necrotic areas were found at the sites of injection. No specific 
S3'^stemic lesions could be made out, but the majorit3’’ of animals receiving PAS 
alone died before termination of the experiment. Premature death in almost all 
cases seemed to be due to pneumonia. It should be pointed out here that while 
Lehmann ( 2 ) found PAS to be highty toxic to the guinea pig, other workers ( 9 ) 
failed to find an excessive toxic effect from oral administration of the drug to 
this animal. 

Smears and cultures were made from the spleens of some of the animals at the 
time of autops3L Growth of tubercle bacilli in Dubos medium was obtained 
from 5 of these. Two had received streptom5'-cin alone for 24 da3’-s, one had 
received streptom3’’ciu alone for 45 da3^s, and 2 had received both streptom3^cin 
and PAS for 45 da3’^s. Preliminaiy studies on the streptom3'^cin-sensitivit3'’ of 
these organisms showed that those isolated from the animals receiving the short- 
term streptom3'cin therap3’’ were still sensitive to 0.74 y streptom3’’cin per cc. 
Those isolated from the animal receiving the long-term streptontycin therapy 
were resistant to 5.92 y/cc., which was the liighest concentration used in the 
preliminary run; while those from the 2 animals receiving the long-term com- 
bined therapy were still sensitive to 0.74 y. Admittedl3’-, this is too small a 
number of cases from which to draw an3'' definite conclusions, but it does suggest 
that use of the combination of PAS and streptom3"cin ma3'’ prevent the rapid 
appearance of resistant strains of tubercle bacilli. 

DISCUSSION 

On the basis of these in vitro and m vivo experiments with PAS and strep- 
tom3"cin in combination, two important clinical possibilities became apparent. 
First, it would seem feasible that, using a combination of the two drugs, smaller 
doses of streptomycin could be used effectivel3’- in the treatment of tuberculosis, 
thus reducing the hazard of toxic effects from this drug. Second, a dela3’- in the 
emergence of streptom3’’cin-resistance might be anticipated on theoretical grounds 
since PAS should be capable of suppressing growth of streptom3’^cin-resistant 
strains. Insufficient evidence has been accumulated to support this view but it 
remains a promising possibilit3L 


SUjnL\RY 

1 . Streptom3'^cin alone, even in small doses given once a da3’- and for a short 
period of time, will prevent the progression of tuberculosis in the guinea pig. 

2 . Para-aminosalicylic acid alone in large doses has a favorable effect on ex- 
perimental tuberculosis. 

3 . Tlie combination of streptom3'cin and PAS has a much more favorable 
effect on e.xperimental tuberculosis in the guinea pig than either drug used alone. 
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THE EFFECT OF TUBERCLE BACILLI ON THE MIGRATION OF 
PHAGOCYTES IN VITRO^ 

MARTIN ALLGQWER akd HUBERT BLOCH= 

(Received for publication Februar}’’ IS, 1949) 

INTRODUCTION 

In previous experiments ( 1 ), the fate of living virulent and avirulent tubercle 
bacilli injected into the peritoneal cavity of white mice has been studied. Obser- 
vations made during the first hours of infection led to the conclusion that the 
virulent bacilli phagocjdized bj'’ the potymorphonuclear leukoc5des of the exudate 
cause injuiy to the leukocjdes. This results eventualty in tysis of the white cells 
with release of the phagocjdized bacilli into the peritoneal fluid. The avirulent 
variants of tubercle bacilli, on the contraiy, did not seem to cause any injuiy to 
the leukoc3des Avhich engulfed them. After being phagocjdized, thej^ are elimi- 
nated from the exudate. 

These conclusions were drawn from observations made bj’^ examining peritoneal 
exudates. It is the purpose of the experiments reported in this paper to stud5'’ 
the effect of phagocjdized virulent and avirulent tubercle bacilli on leukoc3des in 
a more direct wa3’’ in vitro. The ability of the leukoc3’'tes to migrate was chosen 
as a test to demonstrate a possible injurious effect of engulfed tubercle bacilli on 
the leukoc3des. Evidence is presented that the migration of potymorphonuclear 
leukoc3des is completel3’' inhibited b3’’ phagoc3’'tized virulent bacilli and unaffected 
b3'' avirulent variants of the same strain when tested in comparable amounts. 

METHODS 

All the experiments referred to in this paper were performed with two variants of one 
strain of human tubercle bacilli, the virulent variant II37Rv, and the avirulent variant 
H37Ra“ (2). Human leukocj’tes were used and prepared as follows; Blood from patients 
with high leukocytic counts (15,000 per cu. mm. or more) was defibrinated b}" gentle shaking 
in an Erlcnmcj’er flask. Two and six-tenth milliliters of the defibrinated blood wore placed 
into small test tubes and 0.4 ml. of washed bacillary suspensions were added (0.4 ml. of 
Tjwode solution for the control tubes). The stoppered tubes were slowlj' rotated for 
twenty minutes .at 37° C. .and smears made to ascertain that phagocj’tosis had occurred. 
After short centrifug.ation at 1,500 r.p.m. most of the supernatant fluid was disc.ardcd, 0.2 
ml. of fresh chicken plasma was added and thoroughh' mixed with the blood. The tubes 
were then centrifuged for four minutes at 4° C. and allowed to stand for twent.v minutes at 
room temperature. .‘\.t this time the buffy coat had formed a solid membrane with the 
clotted chicken plasma and could be removed from the tube. .4fter repeated washings in 
Ringers solution it was cut into small squares of 1 to 2 mm. side length. Those squares were 
again washed in Ringers solution. 

' From the Department of Surgery, Biirgerspital, and the Institute of Bacteriologj’, 
University’ of Basel, Switzerland. 

■ Present address: The Public Health Research Institute of the City of New York, Inc. 

^ These strains, received through the courtesy of Dr. R. J. Dubos, were originally ob- 
tained from the National Tuberculosis Association Standard Culture Depot at Trudeau, 
N. Y., and subcultured on Tween-albumin media. 
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rinJ-ni.-i, prcffrahly from the panic patient, wap prevented from rlottinp iyv keejiini: it at 
!f):v lemiKTatiire ami wa? diluted 2:1 with cold Tyrodc polution and diptriiniled in small 
Carre! llaskP in amounts of 2.0 ml. . One .square piece of InifTy eo.-it wa.s iml>e<idfd in tlie 
center of eaclt flap!: and the pla.sma pcrtiiitted to clot at room temperature. Tiie fiapks 
were inculiated at .'57"C.and the rcPultsolipxTved twelve t<i fourteen hinins later. 

.A few experiments were carried out withlcukocytc.« from one day old jieritnncal exudatcp 
of <,:uinea jiiys or rabbits and their corrc-^pondint: plasma. Tiie results were cs.'Ctitially 
identical with those oiitaincd with humati blood. 

Leiilcoeyto.s prcptired in tlic way flc.<eril)o(l above and containing no btieteria 
kc'ep their eliaracloristic tendency to migrate. At the very beginning of the in- 
rnbation peritxl, the liict eolhs can already he oltserved migrating radially from 
the square piece of hnfiy coat. At the end of the inetibation period a h:doof2 to 
■i mm. in rtiditis snrroiinfls tlie original piece. The whole eiiltiire now forms ;t re- 
inurk.'ihly regnhir round disk of o to 8 mm. diameter. Tlte halo consists 
chiefly of polymorphnmiclcar lciikocytc.s. The size of the di.sk vtirie.s slightly 
from one itiood donor (or animal) to the other, hut remains fairly const.-mt. within 
nnt‘ exiterimt'ut. (figure 1). Since there is a close macroscojtie rc.sembhinee of tliis 
prcjttiralion to tin oitlinary tis.sne culture, it may be pointed out that tlie halo i.s 
not eornpo.'cd of newly grown cells but only of Iciikoeytcs emigrating from the 
origintil piece of huffy coat (figure 2). 


hk.sult.s 


Tlic (-{firt of viritJnii luhcrclc haciUi on (he viifjralion of Icuhori/trs: Wlion Icuko- 
ryies were allowed to pliagocytize virulent tubercle bacilli before being im- 
piaiited, tlicir migration wa.s inhil)i(ed. 'i'he degi-ee of the inhibitor^- efTect de- 
pended tijion till' ratio bactoria/jfliagocytcs (table 1). In prcjtarations whore, 
owing to the small number of bacilli, only part of the leukoeyte.s liad ;i ehance to 
phagocytize bacilli, ;i slight migration .still oceiirR'd. It could be seen, however, 
that all the leukocytes which contained bacilli did not leave tlie center of the 
j>r('jiaralion, and th.at all the leukocytes found in the .surrounding halo weiv free 
from bacilli. With a higher number of bacteria, inhibition was eomjjlete (tiimre 


7 /ir- i ffrct <f nnnilnil luhrrrlr bnrilli on the migrotion of Irnhorgles: In com rast t o 
the cfiect of virulent bacilli, (he avirulent variant did not inhibit migration. 
C vih' with cngultwi avirulent bacilli migratiul as well as the controls (figure ■}). 
Slight inhi!>ilion occurml only if a very high number of :ivinih'nt b.aciili wen- 
j(, iheeell .susjx-nsion so tii.at almost all of the ph.’igiswte.s contained m.anv 
nni'roerganipms daitit' 1). 'I'hc rale of phagiK'ytn.sis was the sanu‘wilh ax'indvnt 
am! vinil.'iii baeilli. 

//.' ’■;<€! (•;' i!nuJ Uihi'rch' harfUi on phogon/!, x: I’hagorytired heat-ldilei tnber- 
hardii «,f high the virulent and the zivinik'nt variants showed e.^-entiallv :hi- 
'‘‘■'f ' tTi'c? on tile migration of !oukocyt**s as the living bai'terin. 

lu , r pf:ngoc;!tf:<''J n;o;>rio! <u, th' migration of !< ('oiUnfl 

* '.e .:ne at- were rn:n!e Jo study tlie effect of rhairo,",!. Indi.'i ink tun! two vtrair.'s 
■'’kf''’-'''‘-.‘! on the migre.tion of leukot'ytes. rhr.nivevtjr- d rliairo.il nn.j Jp,]’;;, 
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Fig. 1: (Upper left) The migration of human polymorphonuclear leukocytes after 14 
hours incubation. No bacilli added. The figure shows the square piece of buffy coat im- 
bedded in plasma, and the halo of leukocytes migrating from the original c.xplantate. 
Magnification 10 X. 

Fig. 2: (Upper right) Section of a similar preparation as in figure 1 showing the edge 
of a young e.xplantate with migrating leukocytes at a higher magnification (300 X). 

Fig. 3 : (Lower left) The migration of human polymorphonuclear leukocj'tes after 14 
hours incubation. Before being imbedded the leukocytes were allowed to phagoc 3 'tizc 
virulent tubercle bacilli; no migration occurred. (Magnification 300 X). 

Fig. 4: (Lower right) The migration of human polj'morphonuclear Icukocj'tcs after 
14 hours incubation. Before being imbedded the leukocj'tcs were allowed to phagocytizc 
avirulcnt tubercle bacilli; the migration of the cells is not inhibited bj’ the engulfed bacilli- 
(Magnification 300 X). 
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ink particles bad no effect on the rate of migration, even when the phagocjdes 
were heavily loaded. On the other hand, one freshlj^ isolated strain of St. aureus 
was highly inhibitory to leukocytic migration, whereas an old laboratory strain 
did not affect the locomotion of the cells. 

DISCUSSION 

The results of these in vitro experiments show that virulent tubercle bacilli are 
injurious to polj'-morphonuclear leukocjdes as evidenced by inhibition of the mi- 
gration of the phagocytes. Since avirulent tubercle bacilli do not have a similar 
effect Avhen tested in comparable number, it is likely that the inhibition of migra- 
tion is in some wa 3 '’ connected with the vimlence of the bacilli. On the other 
hand, when a large number of avirulent tubercle bacilli is phagocj'-tized, a slight 


TABLE 1 

Effect of Virvhnt and Avirulent Tubercle Bacilli on the Migration of Polymorphonuclear 

Leukocytes 


STRAIN' or .1/. tuberculosis j 

i 

or BAC' ' 

TERIAL SUSPEN'SION'S 

1 

IXHIBITOSY ETFECT 

ON MIGRATION 

H37Rv (virulent) 

undiluted 

d — 1 — 1 — h 
-| — ("d — h 
-l-+-b 
-f 

+-f 

0 

H37Rv (virulent) 

1:30 

H37Ry (virulent) 

1:90 

H37Rv (virulent) 

1:270 

H37Ra (avirulent) 

undiluted 

H37Ra (avirulent) 

1:30 


inhibition of migration results. This observation points to the possibility that 
the difference between the virulent and avirulent cultures of this strain might be 
quantitative rather than qualitative (2, 3)'‘. 

The experiments with charcoal and India ink show that indifferent particulate 
matter engulfed in large number bj'’ leukoc.ytes do not inhibit their migration al- 
though a heav 5 ’' charge of engulfed material might reduce or completelj'’ stop any 
further phagocj^tic activity (4). 

In the present experiments, heat-killed virulent and avirulent tubercle bacilli 
had the same effect on migration as living ones. This action therefore seems to 
be caused bj" a cellular constituent of the virulent bacilli and does not direetty de- 
pend on their multiplication. 

The mechanism of the inhibitory action has not been elucidated by these ex- 
periments. It is possible that interference with locomotion can occur in the ab- 
sence of other evidence of injuiy. The obseiwation that large amounts of aviru- 

^ Although the H37Ra culture used did not produce a progressive disease in either 
guinea pigs or mice, it appeared to be a mixture of at least two variants, one of which 
formed clumps and the other formed weak but distinct serpentine cords in oleic acid- 
albumin medium. This suggests that the two variants may not be of identical virulence 
(Middlebrook, G., Dubos, R. J., and Pierce, C.. J. Exper. Med., 1947, 86, 175). 
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VIRULENCE AND TUBERCULOGENIC STUDIES OF SIXTY 
CONSECUTIVE WEEKLY LOTS OF BCG VACCINE 
PRODUCED BY STANDARD TECHNIQUEi^ 

KONRAD BIRKHAUG 
(Received for publication 26, 1948) 

INTRODUCTION 

World-wide acceptance and use of BCG emphasize the significance of methods 
that insure uniformly safe and potent vaccine preparations. Thus a problem of 
pressing importance is the development of a standard method for preparing a 
vaccine that will maintain a high level of viable organisms with stable tuberculo- 
genic, allergenic, and immunizing properties. Of no less importance is the de- 
velopment of a quantitative method that permits periodic assessments of BCG’s 
relative avirulence. Such a method is long overdue since only living vaccine is 
effective and the chance of a spontaneous enhancement ofvinilenceis still thought 
of as a possibility by competent and unbiased scientists. 

No uniform method for production of BCG vaccine is generally emplo 5 ’'ed to- 
day. It is well known that man}'' bacteriologic laboratories make radical altera- 
tions in Calmette’s original technique (1 to 5). According to Jensen (4) the sole 
quantitative method which will detect variations in the “virulence” of BCG with 
some accuracy is a periodic in tra cutaneous guinea pig test using graded doses of 
from 0.1 to 0.0001 mg. of BCG vaccine. By these means Jensen was able to de- 
tect differences in “virulence” between a stock BCG strain which, contrary to 
Calmette’s teclmique, had been maintained on Sautonmedium from 1927 to 1931, 
and a new strain received from the Pasteur Institute in Paris in 1931. While the 
former strain produced frequent nodules with 0.001 mg. and large ones with 0.01 
mg., the latter rarely produced nodules Avith 0.001 mg., and only small ones with 
0.01 mg. If the term virulent is reseiwed to indicate organisms Avhich gtye rise to 
a rapidly fatal infection or are able to reproduce increasingly in the tissues, it may 
be questioned AA'hether Jensen’s procedure is a proper test AAuth AA'hich to deter- 
mine the virulence of BCG. The reason for this is the fact that the skin lesions 
produced by these graded doses of microorganisms (dead tubercle bacilli Avill do 
the same) are observed for a period of only tlnee AA'eeks after inoculation. Jen- 
sen’s procedure is an excellent quantitatiAm test of BCG’s tuberculogenic potency, 
the production of a localized and rapidly healing skin lesion, but is hardly a test 
of virulence. 

VTien the preparation of vaccine Avas undertaken by the Ncav Y^ork State Divi- 
sion of Laboratories and Research in 1946, plans Avere immediately made to eA'alu- 
ate methods for the. preparation and biologic standardization of BCG. The 
present report describes the methods used and the results of assays made of each 
lot of A'accine prepared during a tAvehm month period. 

' From the Division of Laboratories and Research, New A’ork State Department of 
Health, Albany, New A^ork. 

- Presented before Le Premier Congres International du BCG, Paris, France, June 18-23, 
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METHOD OF BCG VACCINE PRODHCTION 

Polalo ciilitircs: The composition of Calmette’s glycerolated bile-potato and water- 
potato media have not been altered. Two strains of BCG (Xo. S05. Series 1 and 2) were 
obtained from the Pasteur Institute in September, 1946. These strains were found to 
possess identical tuberculogenic, allergenic, and immunizing properties. They have since 
been transferred every two weeks in a locked laboratorj- and maintained in a locked incuba- 
tor in which no other strain of M. tuberculosis or other bacteria are kept. Each set consists 
of one glycerolated-water and one glycerolated-bilc potato subculture. The former is 
the seed from which the film on its liquid portion is transferred to Sauton medium for vac- 
cine production. The glycerolated-bile potato subculture is for attenuation of virulence, 
according to Calmette’s (6) contention, but more practically for restoration of the veil-like 
film production on gh’cerolated-water potato cultures which by six to eight successive bi- 
weeklj^ passages has a tendenc}’ to grow roughly and less luxuriantly than following the 
first passages. For this purpose, Calmette’s original technique has been followed, which 
consists of interposing one or two biweekly passages of BCG on the ghxcrolated-bilc potato 
medium everj' two months. Since film development on the liquid portion of the glycer- 
olated-water potato medium is essential for the seeding of Sauton medium for subsequent 
vaccine production, it is the practice at present to tilt the one week old glycerolated-water 
potato culture on the side until the liquid frees the small fragments of the veil-like film 
along the edges of the potato surface and floats them onto the liquid portion of the medium. 
This insures a luxuriant supph- of film for transfers to Sauton medium the following week. 

Saulou cultures: The composition of Sauton medium has not been altered. Ehrlcn- 
meyer flasks (350 ml.) containing 160 ml. of Sauton medium have been used cxcUisively. 
The veil-like film in the two week old glycerolated-water potato culture is transferred with 
a 3 bj' 1 cm. platinum spatula to the surface of the Sauton medium. At 37.o‘’C. the film 
covers about half the surface in three days and the entire surface as well as a few cm. on the 
sides of the flask in seven days. Such growth within one week is used ns the criterion of a 
normal BCG Sauton I culture. At this time transfers are made with a spiral-shaped plati- 
num wire spade, having a diameter of 25 mm. The film along the border is caixfully scooped 
onto the spade in folded fashion and this is again floated on Sauton medium where it flattens 
out promptly. One spadeful is sufficient for each Sauton II flask. Those cultures grow 
much more rapidly than Sauton I cultures and the entire surface is usually covered with film 
in four days. After ten days’ growth at 37.5'’C., the densely coiled and 3 to 5 mm. thick 
amber-colored film is harvested for vaccine. This is an .alteration in Calmette’s original 
technique which specifics 20 to 25 day old Sauton II culture for vaccine production. The 
custom in many laboratories is to use 21 to 30 d.ay old Sauton II cultures (2, 7). It was de- 
cided to shorten the incubation of the Sauton II cultures to 10 to 11 days when serial Loew- 
enstcin cultures revealed that such cultures contained between 20 and 40 million living 
bacilli per mg. of seinidry weight or SO to IGO million living bacilli per mg. of absolutely dry 
vaccine while the 3 to 4 week old Sauton II cultures contained approxiinatcl 3 ' one-half that 
number. The results of vaccination with the 10 to 11 daj- old Sauton II culture vaccine 
have been uniforml 3 ' better, cspcciall 3 ' with the multiple puncture technique, than with 
vaccine prepared from the 21 to 30 d.a 3 ' old Sauton II cultures. 

Scmidrii and dry xccighl of BCG in 10 to 11 day old Sauton II Cultures: For the purpose of 
determining the growth curve of BCG in 10 to 11 d.a 3 ' old Sauton II cultures in 160 ml. of 
medium it has been the practice to single out such a culture once a week for one 3 'car for 
e.xact determination of the semidr 3 - and dr 3 - weight. The culture is emptied into a Biichnor 
suction filter supplied with a fine filter paper (Whatman Xo. 3) which retains the smallest 
particles of BCG. Suction is continued until no more liquid is expressed from the mass. 
After the scmidr 3 ’ weight is determined, the mass is placed in a dr 3 ' sterilizer at 100°C. until 
a constant weight is obtained. B 3 ' grouping these cultures together into twelve wcckl 3 ’ 
lots for the purpose of statistic.al anah'sis, the data presented in table 1 and summarized in 
figure 2 were obtained. 
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It will be noted that a remarkable stability obtained in the semidry and dry weights 
throughout the entire 60 week observation period and that not a single significant deviation 
occurred from the first twelve weekly lots of Sauton II cultures to the final lots (49 to 60 
weeks). The ratio between the semidry and dry BCG is almost constantly 4:1. Thus the 
20 mg. per ml. BCG vaccine used for transcutaneous vaccination methods actually contains 
5 mg. of dry BCG per ml., and the 1.0 mg. per ml. BCG vaccine for intracutaneous inocula- 
tion contains 0.25 mg. dry BCG per ml. 

An attempt was also made to determine the exact population of living microorganisms 
per milligram of BCG in every weekly lot of vaccine distributed. This is accomplished by 
serial dilutions of e.xactly weighed vaccine and by seeding 1 ml. of each of the 10'^, 10“®, 
10"’, and 10"® dilutions on 5 large tubes of Loewenstein’s egg medium. This study is still 
incomplete. 
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Fig. 2. Average semidry and dry weights of sixty consecutive weekly lots of vaccine 
produced in 160 ml. Sauton 10 to 11 day old cultures of BCG. 

Preparation of vaccine: The traditional Calmette method of harvesting the Sauton II cul- 
tures for preparation of vaccine dispenses with the actual weighing of the BCG mass, on t ho 
assumption that the 21 to 30 day old 150 ml. Sauton culture contains 5 Gm. semidry BCG. 
This rule is net absolute and many laboratories desiring a more or less constant concentra- 
tion of vaccine resort to transferring BCG aseptically to filter pai)or between which the 
excess liquid is ijrcssed out. The somidry mass is then weighed in sterile porcelain crucibles 
after which it is emptied into a flask containing glass or steel balls. In a ball mill the vac- 
cine is mixed with dilution fluid to the proper concentration. To reduce contamination, a 
harvesting apparatus (figure 3) has been constructed which combines all these operations in 
a closed .system. The slightly agitated Sauton II culture is emptied into a funnel which 
leads to a cylinder at the bottom of which a strainer filters out the culture. A pi.ston is 
jiressed against the BCG mass within the cylinder until no more liquid is exjiressed. The 
shaft of the piston is calibrated and indicates the height of the column of BCt! within the 
cylinder. .\ nomogram converts height into grams of semidry BCG. The strainer is 
pushed aside and a quick tap on the handle of the piston releases the column of li(’(! which 
drops into a glass cylinder supplied with 1 Kg. of 4 mm. wide and 0.5 Kg. of 3 mm. wide SKF 
inoxidizable steel balls. Before adding diluent, the halt mill is rotated at 30 r.]).m. for two 
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Sauton II culture, before the film, is harvested, into 20 ml. of meat-infusion semisolid medium 
(JF32B) (9); 20 ml. of meat-infusion broth, aerobic and anaerobic (FSB); and in a pour plate 
using beef-infusion agar with 0.2 per cent of glucose iJFSSA). These tests are repeated with 
the 20 mg. per ml. and the 1 .0 mg. per ml. vaccines in bulk before dispensing, with the residue 
after dispensing, and with one vial of each twentj" dispensed. A duplicate flask of 100 ml. 
of the 1.0 mg. per ml. material in bulk is tested simultaneously by a member of the sterility 
test group of the Antito.vin, Serum, and Vaccine Laboratories. A volume of 160 ml. of 
meat-infusion semisolid medium (FS2B) is inoculated with 5 to 5.5 ml. of the material; two 
aerobic and two anaerobic tubes of meat-infusion broth (FSB) with 0.5 ml. each. 

If no growth of contaminating microorganisms appears in the various inoculated media 
after twenty-four hours’ incubation, the vaccine is distributed for a period of seven d.ays. 


! 





Fig. 4. Dispensing BCG vaccine in vials. 

Preliminary studies indicate that the efficacy of the vaccine is not impaired by the addi- 
tion to the diluent of 20 units of penicillin per ml. of the intracutancous vaccine. This con- 
centration of penicillin completely inhibits the growth of staphylococci and streptococci 
during the 10 day period recommended for use of the vaccine before it is returned to the 
Division of Laboratories and Research. This precaution is taken only with the 1 .0 mg. per 
ml. vaccine because penicillin is completelj’ destroyed by the 20 mg. per ml. vaccine within 
a few days. 

QUANTITATIVE TESTS FOR STABILITY OF BCG’S VIRULENCE 

For every lot of BCG vaccine prepared weekly', two tuberculin-negative guinea 
pigs weighing approximately 350 Gm. are injected subcutaneouslj' in the left hind 
leg with 0.5 ml. of the 20 mg. per ml. vaccine, or 10 mg. scmidiy weight of BCG. 
Tuberculin tests are repeated at monthly intervals. One month after inocula- 
tion, 100 per cent positive edematous reactions, which exceed 10 by 10 mm. in 
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Autopsy was delayed until the carcass had remained in the refrigerator (2° to 
4°C.) for several hours in order to allow the blood to coagulate. This insures 
uniformity in the quantitative assessment of the volume and weight of various 

TABLE 2 
Weight of Animals 

Siaiisiical analysis of weight (Gm.) of guinea pigs before inoculation with 10 mg. BCG and 
when killed S months (Series A) and 6 months (Series B) afterwards 


(Twelve animals in each group) 




BEFORE INOCULATION 


GfiOUPS OP AiniCAI5 

Series A 

1 

Series B 


Average j 

Sigma 

Average 

Sigma 

necks 

1 to 12 

355 

28.51 

360 

29.11 

13 to 24 

1 353 

33.44 

349 

40.38 

25 to 36 

331 

37.53 

334 

39.60 

37 to 48 1 

! 383 

58.12 

377 

38.82 

49 to 60 j 

336 

42.17 

1 

! 321 

1 

53.62 


Probabilitj' 


CROUP COUPASISONS I 

t 

P 

t 

P 

1 to 12 vs. 13 to 24 

0.220 

0.82 

0.750 

WBM 

1 to 12 vs. 25 to 36 

1.729 

0.09 

0.686 


1 to 12 vs. 37 to 48 

i 1.446 

0.18 

0.701 


1 to 12 vs. 49 to 60 

j 0.186 

0.85 

2.131 

0.04 


1 3 StONTOS AnXEWAKDS 

1 6 MONTHS ATTEgWAEDS 

GROUTS OP ANUIALS 


1 




Average 

1 

Sigma 

Average 

Sigma 

necks 





1 to 12 

616 

68.33 

743 

63.52 

13 to 24 

634 

69.61 

764 

62.27 

25 to 36 

j 656 

53.77 

791 

84.90 

37 to 48 

^ 656 

83.45 

i ^ 

— 


Probability 


GROUP CQUPARISOKS 

t i 

1 

P 

t ; 

p 

1 to 12 vs. 13 to 24 

1 0.588 

0.58 


0.46 

1 to 12 vs. 25 to 36 

1.470 

0.15 


0.15 

1 to 12 \'S. 37 to 48 ^ 

^ 1.225 

0.25 

■BHl 



IjTnph nodes and organs. The major lymph nodes mentioned in tables 3 and 4 
were carefully dissected free from contiguous tissue and their volume deter- 
mined by water displacement in a specially constructed apparatus (figure 5) 
vdth cylinders calibrated to 0.001 ml. The volume of the spleen, liver, and lungs 
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was determined in the same manner. Finally, the weight of these organs and 
the pooled lymph nodes was expressed in percentage of the animal’s body weight. 

TABLE 3 

Volume of Lymph Nodes 

Siaiisiical analysis of volume (ml.) of lymph nodes in guinea pigs killed S months after 
subcutaneous inoculation in left hind leg with 10 mg. BCG 
(Twelve animals in each group) 


INOCniATED WITH WEEKIV LOIS OF BCG VACCINE 


tYUPH NODES 

1 to 12 weeks 
(1) 

13 to 24 weeks 
(2) 

25 to 3S weeks 
(3) 

37 to 48 weeks 
(4) 









Lf. sup. inguinal 

0.148 

0.071 

0.146 

0.087 

0.157 

0.027 

0.145 

0.091 

Et. sup. inguinal 

0.056 

0.024 

0.051 

0.030 

ISflS^ 

0.024 

0.059 

0.029 

Lf. deep inguinal 

0.018 

0.011 

0.018 

0.013 


0.011 

0.017 

0.012 

Rt. deep inguinal 

0.007 

0.004 

0.011 

0.006 




0.004 

Lf. femoral 

0.111 

0.034 

0.110 

0.049 

0.117 

0.053 

0.117 

0.045 

Rt. femoral 

0.030 

0.028 

0.035 

0.017 


0.027 

0.024 

0.017 

Periportal 

0.010 

0.009 

0.012 

0.014 



0.007 

0.006 

Lf. tracheobronchial 

0.096 

0.055 

0.099 

0.027 


0.048 

0.094 

0.062 

Rt. tracheobronchial 

0.079 

0.025 

0.078 

0.029 


0.038 

0.084 

0.031 

Lf. cervical 

0.081 

0.014 

0.073 

0.024 



0.079 

0.021 

Rt. cervical 

0.079 

0.012 

0.072 

0.017 


0.025 

0.082 

0.015 

Lf. a.'dllary 

0.064 

0.015 

0.066 

0.019 


0.014 

0.062 

0.018 

Rt. axillary 

0.066 

0.022 

0.061 

0.019 

0.066 

0.023 

0.058 

0.018 


Probability 


IVUPH NODES 

(1) vs. (2) 

(1) vs. (3) 

(I) vs. (4) 


i 

P 


1 ^ 

f 

P 

Lf. sup. inguinal 

0.360 

0.68 

0.270 


0.086 


Rt. sup. inguinal 

0.255 

0.81 

1.960 


0.262 


Lf. deep inguinal 

0.032 

0.90 

0.027 

0.90 

0.020 


Rt. deep inguinal 

1.960 

0.07 

0.980 

0.38 

0.409 


Lf. femoral 

0.025 

0.90 

0.318 

0.75 

0.357 


Rt. femoral 

0.509 

0.62 

0.173 

0.88 

0.612 


Periportal 

0.377 

0.72 

0.701 

0.49 

0.919 

0.38 

Lf. tracheobronchial 

0.016 

0.90 

0.014 

0.89 

0.007 

0.90 

Rt. tracheobronchial 

0.009 

0.90 

0.360 

0.72 

0.421 

0.68 

Lf. cervical 

1.298 

0.23 

0.044 

0.90 

0.046 

0.90 

Rt. cervical 

1.641 

0.14 

0.049 

0.90 

0.034 

0.90 

Lf . axillary 

1.347 

0.21 

1.641 

0,14 

0.044 

0.90 

Rt. axillary 

0.539 

0.59 

0.145 

0.89 

0.051 

0.90 


By this procedure an attempt , was made to assess the degree of hypertrophy 
caused by the 10 mg. BCG inoculum. 

Volume of lymph nodes: The volumetric data on thirteen different lymph 
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nodes removed from tlie four groups of animals which were killed three months 
after inoculation are presented in table 3 and figure 6, and the data for the three 

TABLE 4 

Volume of Lymph Nodes 

Stalislical analysis of volume {ml.) of lymph nodes in guinea pigs killed 6 rnonths after 
subcutaneous inoculation in left hind leg with 10 mg. BCG 
(Twelve animals in each group) 


IKOCtOATED WITH WEEKLY LOTS OF BCG VACCINE 


LYMPH KODES 

1 to 12 weeks (1) 

13 to 24 weeks (2) 

25 to 36 weeks (3) 

Average 

Sigma 

Average 

Sigma 

Average 

Sigma 

Lf. sup. inguinal 

n 

0.064 


0.069 



Rt. sup. inguinal 


0.026 

0.061 

0.029 

0.062 


Lf. deep inguinal 

0.022 

0.014 

0.023 

0.019 

0.025 


Rt. deep inguinal 

O.OOS 

0.004 

0.010 

0.007 

O.OOS 

0.004 

Lf. femoral 

0.105 

0.052 

mmjjm 

0.04S 

0.115 


Rt. femoral 

0.032 

0.014 


0.017 

0.040 


Periportal 

O.OOS 

0.006 

0.010 

0.009 

0.007 


Lf. tracheobronchial 

0.09G 

0.035 

0.093 

0.035 

0.091 


Rt. tracheobronchial 

0.077 

0.042 


0.042 

0.0S9 


Lf. cervical 

0.073 

0.019 

eb 

0.016 

0.074 


Rt. cervic.al 

0.069 

O.OIS 

■IXlIjM 

0.016 

0.076 

0.017 

Lf. axillary 

0.059 

0.021 

■wiiaM 

0.017 

0.061 

0.010 

Rt. axill.ary 

0.064 

0.024 

0.061 

0.021 

0.060 

0.015 


Probabilitj’ 


LYMPH KODES 

(1) vs. (2) 

(l) vs. (3) 

t 

P 


r 

Lf. sup. inguinal 

■MIHH 

0.S7 


0.79 

Rt. sup. inguinal 


0.41 

1.036 

0.31 

Lf. deep inguinal 


O.SS 


0.7S 

Rt. deep inguinal 


0.59 

0.019 

0.90 

Lf. femor.al 


0.90 

0.4S0 

0.65 

Rt. femoral 


0.32 

1.39S 

0.14 

Periportal 


0.52 

0.9S0 

0.32 

Lf. tr.achcobronchial 

O.OIG 

0.90 

0.024 

0.90 

Rt. tracheobronchial 

0.502 

0.C5 

0.701 

0.49 

Lf. cervic.al 

0.044 

0.90 


0.90 

Rt. cervical 

0.042 


1.347 

0.21 

Lf. .axillary 

0.049 



0.90 

Rt. axillary 

0.05S 

0.90 

0.051 

0.90 


groups of animals killed six months after inoculation are presented in table 4 and 
figure 7. It will be noted that the six sets of nodes situated on the left side of 
the body (inoculated side) are sjunmetrical with the six sets of nodes on the riglit 






























Fig. 5, Volumetric apparatus for measurement of larger organs (left cylinder) and 
smailcr nodes (right cylinder). 



12 WKS LF. RT. LF. RT. LF RT. LF RT. 

SUP. INC. GLANDS FEMORAL GLANDS SUP. IN6. GLANDS FEMORAL GLANDS 

3 MOS. 6 MOS. 

Fig. 6. Average volume of left and right superhcial inguinal and femoral lymph nodes in 
guinea pigs killed three or si.v months after subcutaneous injection in left hind leg with 10 
ing. of sixty consecutive weekly lots of BCG vaccine. 
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LYMPH NODES 

VOLmiE IN ML. 

Average 

Sigma 


0.570 

0.319 


0.213 

0.217 


0.359 

0.169 


0.708 

0.352 


0.528 

0.265 


0.413 

1 0.209 


0.339 

0.163 


0.323 

0.153 

Trfiff. 

0.295 

0.191 


0.243 

0.129 



TABLE 5 

Weight of Spleen, Liver, Lungs, and Lymph Nodes 
Statistical analysis of weight in per cent of body weight of the spleen, liver, lungs, and 
lymph nodes in guinea pigs killed 3 months after subcutaneous inoculation 

with 10 mg. BCG 
(Twelve animals in each group) 


\VEEKI.V l^IS OF BCG VACCIKE 


OSGANS 

j 

1 to 12 weets (1) 

13 to 24 weeks (2) 

25 to 36 weeks (3) 

37 to 48 weeks (4) 

Average 

Sigma 

Average | 

Sigma 

Average 

Sigma 

Average 

Sigma 

Spleen 

0.101 

0.014 

1 

0.115 

0.020 

0.114 

0.016 

0.122 

0.028 

Liver 

4.708 

0.752 

4.180 

0.595 

4.367 

0.758 

4.639 

1.015 

Lungs 

1.119 

0.273 

1.079 

0.229 

0.898 

0.176 

1.088 

0.188 

Lymph nodes 

0.165 

0.045 

0.171 

0.047 

0.160 

0.036 

0.161 

0.062 


Probability 


OPCAN5 

(1) vs. (2) 1 

(1) vs. t3) 

(1) vs. (4) 


1 

1 

P 

1 

P 

Spleen 

1.906 


1.991 

■■ 

2.023 


Liver 



1.058 


0.181 


Lungs 



2.254 

0.04 

0.221 


Lymph nodes 

0.255 1 


0.254 

0.81 

0.172 

0.88 


Thus it will be noted that the virulent infection produced a generalized Ijonph 
node hj^ertrophy in contrast with the localized process in animals inoculated 
with 100 times greater dose of BCG, or approximately 400 million viable BCG. 

Weight of the spleen, liver, lungs, and lymph nodes: The more exact quantita- 
tive data are those expressed in percentage of the body weight of the animal from 
which the organs were removed since the body weight varies from animal to ani- 
mal. Table 5 presents such data for the spleen, liver, lungs, and lymph nodes 
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0.901 I 
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0.030 I 


I 0.109 

‘1.493 
1.007 I 
0.104 


Spleen. . 
Liver . . 
Lpogs. . ■ ■ 


0} M. (2) 


I 0.030 
0.607 
0.229 
0.026 


0.409 

0.573 

0.612 
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lungs between 0.898 and 1.119 per cent of the animals’ bod}^ weight; and finall}^ 
the total l^TOph nodes between 0.136 and 0.171 per cent. With the exceptions 
of the fibrocaseous hypertrophy observed in the left superficial and deep left 
inguinal nodes and the left femoral nodes adjacent to the BCG inoculation ab- 
scess, no macroscopic tuberculous lesions were seen in the liver and lungs of the 
animals killed three and six months respectively after inoculation with BCG 
from 48 different lots of vaccine prepared during one year. 
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Fig. S. Average weiglit of spleen, liver, lungs, and total lymph nodes in guinea pigs 
killed three or si.\ months after subcutaneous injection in left hind leg with 10 mg. of sixty 
consecutive weekly lots of BCG vaccine. 


Comnieni 

The data on the tymph nodes, spleen, liver, and lungs indicate that the aviru- 
lence of BCG is not absolute and that the veiy low grade virulence of BCG is of 
a significantlj’’ stationaiy t 3 ^pe for vaccine prepared by the method set forth in 
this presentation. There can be no question about the reliabilitj’- of this quan- 
titative procedure to detect significant deviations in BCG’s virulence should 
such ever take place. It would seem desirable, therefore, that some such quanti- 
tative assessment of lesions produced in guinea pigs by each lot of vaccine pre- 
pared for use in man should become a standard procedure in order that labora- 
tories entrusted with the production of vaccine at all times maj’- be prepared to 
report objective^ on the avirulence of their preparations. 

BCG’s TUBERCULOGENIC POTENCY IN ANIMAL SKIN TESTS 

Following Jensen’s (4) stud}’- on variations in the “virulence” of different 
strains of BCG cultivated by different methods, it was decided from the ver}’- 
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in table 8 where the maximum skin lesions with the variously graded doses of 
vaccine have become remarkably stationary. The sole exception is the signifi- 
cant de^^ation in the 49 to 60 weekly lots of 0.01 mg. But this instance is not 
substantiated in the lesions produced by the 0.1 mg. and 0.001 mg. of the vaccine. 
Thus it maj’’ be concluded that the tuberculogenic potency of BCG is relatively 
stable for the BCG vaccine which is prepared by the standardized method. It 
should also be added that the tuberculin reactions, observed in these animals 
with graded doses of Old Tuberculin ranging from 10 to 0.001 mg., bring out the 
fact that the degree of tuberculin hypersensitiveness showed the same stabihty 
throughout the stud 5 % An area of induration exceeding 10 by 10 by 1.5 mm. 
forty-eight hours after intracutaneous injection of graded doses of tuberculin 
occurred as follows: one week after inoculation, approximately 150 mm.® with 
10 mg. OT; at two weeks, 390 mm.® with 1.0 mg. OT; three weeks, 510 mm.® 
with 0.1 mg. OT. Thereafter, until the animals were killed three and six months 
later, a reaction of approximate!}’’ 200 mm.® induration uniformly occurred with 
0.01 mg. OT. 

BCG’s TUBERCULOGEN’IC AND ALLERGENIC POTENCY IN MAN 

Since January, 1947, more than 2,000 tuberculin-negative persons, •with no 
evidence in the chest roentgenograms of disease of the lungs, have been vacci- 
nated w’ith the same lots of BCG vaccine. The multiple puncture method has 
been used except in a dozen persons injected intracutaneously with 0.1 mg. 
BCG. The vaccine was invariably used -within one week after its preparation. 

A 4 by 4 cm. piece of thin paper, sterilized for fifteen minutes at lOO'C., was moistened 
on both sides with the 20 mg. per ml. BCG vaccine in a sterile Petri dish and placed on the 
ether-cleansed skin. The skin was held taut by grasping the arm or thigh on opposite sides, 
the head plate evenly pressed against the paper and the trigger pushed. As the needle 
plate descends the forty needle points become coated with vaccine and carry it into the 
epidermis to a depth of 1 to 3 mm. The paper is removed after one or two minutes. No 
bandage is necessary. Pin-point bleeding may be seen in the punctures when the skin is 
stretched. Excessive spontaneous bleedings should be avoided; and can be readily con- 
trolled by adjusting the extension of the needles to 2 or 3 mm. beyond the head plate. 
Between each vaccination, the apparatus is disinfected by immersing the head plate with 
the needle points protruding in boiling water from 10 to 20 seconds, followed by 10 to 15 
seconds in cold sterile water. The apparatus is then placed on a pad of sterile absorbent 
cotton to remove excess water. A new model of the apparatus has a detachable head plate 
and needle plate which can be replaced with sterile parts for every vaccination. The mul- 
tiple puncture vaccination causes no untoward reaction and necessitates no special care. 
After a few days, the skin regains its normal appearance. Suppuration of the regional 
lymph nodes does not occur. Within ten to twenty days the local puncture marks reappear 
as inflamed and infiltrated papules 2 to 3 mm. wide. These lesions cause no general symp- 
toms. Very rarely do they become enlarged. The reactions disappear in a few weeks, and 
from two to three months after vaccination the process is completely resorbed without 
residual marks or scars. Only occasionally, faint white dots may be observed. The tu- 
berculin test with 1.0 mg. Old Tuberculin becomes positive in nearly 100 per cent of success- 
fully vaccinated persons 8 to 12 weeks after vaccination if visible papules have been present. 
A reaction is considered positive when definite induration or edema of at least 6 to 8 mm. 
diameter, regardless of whether redness is present or not, is present forty-eight to seventy- 
two hours after injection. 
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The same lots of vaccine have been assayed for their tuberculogenic properties, 
their abilitj’' to produce localized intracutaneous and transcutaneous sldn lesions. 
The data indicate that this potency is significantly stable when the vaccine is 
prepared by the methods einploj’-ed in this study. 

Ex-perience on more than 2,000 persons vaccinated with the material from these 
sixty consecutive weekly lots of BCG vaccine confirm the stability of BCG’s 
tuberculogenic potency and relative avirulence. 

An international standard technique for the preparation of BCG vaccine and 
for the periodic control of its avirulence and tuberculogenic potency is recom- 
mended. 


strafAUio 

Eshidios de la Virulcncia y Tuhcrcidogenia dc Sesenta Lotes Semanalcs Consecutivos 
de Vacitna BCG Prodiicida Confonne a tma Ttcnica Establedda 

Describense tdcnicas uniformes para la continua produccidn semanal de una 
vacuna BCG relativamente establc y eficaz y para la comprobacidn periddica de 
su a\drulencia y propiedades tuberculdgenas. 

Una serie de 60 lotes semanalcs consecutivos de vacuna BCG producida con 
dichas tdcnicas fud justiprcciada cuantitativamentc en cuanto a facultad invasora 
y produccidn de histohiperplasia en cobajms sacrificados a los tres y seis meses, 
respectivamente, de la inoculacidn. Los dates acopiados confirman que la 
avirulencia de BCG no es absoluta, pero si significativamente baja y estacionaria 
para convertir a los animales en hipersensibles a la tuberculina. 

Los mismos lotes de vacuna fueron valorados con respecto a sus propiedades 
tuberculdgenas, o sea su capacidad para producir lesiones intra y transcutdneas 
locaUzadas. Los datos obtenidos indican quo esta potencia es significativamente 
estable cuando se prepara la vacuna por las tdcnicas empleadas en este estudio. 
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A SANATORIUM PROGRAM FOR THE BACTERIOLOGICAL 
DIAGNOSIS OF TUBERCULOSIS^ 

The Results Obtained in Cases Admitted during a Period of Ten Years 
C. RICHARD SMITH 
(Received for publication June 12, 1948) 

INTRODUCTION 

In 1928, Pinner and Werner (1) pointed out that with persistent use of the 
available methods of sputum examination, “positive” results could be found in 
an extraordinarily high proportion of cases of clinically active tuberculosis. 
They found acid-fast bacilh in 99.2 per cent of 507 patients with active disease. 
They concluded that bacteriological diagnosis of active tuberculosis “ . . .is equal 
to any diagnostic laboratory procedure and second to none.” With the repeated 
use of culture and guinea pig inoculation of sputum and stomach contents, 
Decker, Ordway and Medlar (2) found bacilli in 67 out of 97 patients with clini- 
cally active, minimal pulmonary tuberculosis. 

Diagnostic Standards, 1940 (3) includes this statement: “If sputa and gastric 
washings are carefully and repeatedly examined . . . negative results are of dis- 
tinct diagnostic value. It can be safely said that a patient with demonstrable 
parenchymal infiltration in the lung that is apparently active, in whom tubercle 
bacilli cannot be demonstrated, probably has a nontuberculous pulmonary 
lesion.” Willis and Kelly (4) investigated the value of examining the expecto- 
ration of several days pooled together. In a series of cultures, 63 per cent of all 
“positives” were obtained from one day specimens and 92 per cent from ten day 
specimens. In comparing the results from examination of two successive seven 
day specimens, using concentration and culture, they found that the first would 
fail by only 7.8 per cent to yield as many “positives” as both specimens. Their 
recommendation was the collection and examination of a week’s total of sputum. 

In 1942 the Committee on Standard Laboratory Procedure of the American 
Trudeau Society recommended a program for bacteriological diagnosis (5) as 
follows: 

1. Direct smear of a morning specimen and a specimen collected over a period of twenty- 
four hours, or as long a time as the circumstances require. (The direct smear may 
be omitted if the operator chooses to do a concentration.) 

2. If the direct smear is negative, concentrate the same sputum specimen. 

3. Culture the same specimens after concentration if the concentration is negative, if 
less than 5 bacilli ate found in the smear, or if there is any possible doubt whether 
the acid-fast bacilli are true tubercle bacilli. 

4. If the first specimen is negative on microscopic examination, repeat the whole pro- 
cedure on two subsequent occasions. 

5. If sputum is not obtainable, gastric lavage should be performed and the sediment 
examined by direct smear, culture, and animal inoculation. 

0. A gastric lavage is recommended in patients having little sputum or if the specimens 
continue to be negative. 

* From the Barlow Sanatorium, Los Angeles, California. 
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2. If the direct smear is negative for acid-fast bacilli, a six day specimen is collected 
and examined by concentration and culture. 

3. If the concentration test shows no acid-fast bacilli, the stomach contents plus a 
second six day specimen are examined by culture and animal inoculation. With minimal 
lesions or in cases where the diagnosis of tuberculosis is particularly in question, the 
stomach contents are examined as soon as possible, combined with the first six day sputum 
specimen. 


TABLE 1 

Evolution of the Bacteriological Diagnostic Program 19S6 to 1946 

Tests carried out routinely during the first three months of residence in cases 

remaining “negative” 


i 

1 

1 

TERXOD 1 

SPtrrmi tests* 

GASTRIC CON- 
TENTS BY 
CULTURE AND 
GUINEA RIG 

1 Number 

1 

Number of 
days* expec- 
toration per 
test 

! 

Total days’ i 
cipectoration- 
eramined 

Concentra- 
tion and 
culture 

Concentra- 
tion, culture 
and (niinea 
pig 

Culture and 
guinea pigt 

i 

S-31-36 to 10-31-37 

6 

i 

1 

! 

3 

IS 

1 

11- 1-37 to 

1-31-39 

5 

1 


3 

18 

1 

2- 1-39 to 

9-30-40 

4 

1 7 


6 

66 

1 2 

1 

10- 1-40 to 

7- 1-43 

4 to 8 

3 


6 

1 

42 to 66 

1 3 

7- 1-43 to 

1- 1-44 

4 to 8 

1 i 

' i 

6 

42 to 66 

2 

1- 1-44 to 

9- 1-46 

7 to 9 

j 

1 

3 

6 

60 to 72 

3 


* The initial direct smear on a twenty-four hour specimen done in every case is not 
tabulated. 

t These sputums were pooled and examined together with the specimens of gastric con- 
tents shown in the last column. 

4. If the e.xaminations continue to be negative, six day sputum specimens are collected 
continuously during the first three months of residence and examined by concentration 
and culture. Practically, this works out at about one specimen a week. 

5. Once each month during the first three months, the aspirated stomach contents 
are combined with one of the six day sputums for culture and animal inoculation. 

When patients continuing in residence for more than three months are still “negative,” 
a four day sputum specimen is collected in each calendar month and examined alternately 
by concentration and culture and bj' culture only. Each third month, or oftener, gastric 
lavage is performed and the material, after being pooled udth a four day sputum specimen, 
is cultured and injected into animals. In addition, search for other pathogenic micro- 
organisms, especially fungi, is carried out. 

As a general proposition, in cases once proved positive, the simplest test capable of 
demonstrating the bacilli is performed in each calendar month. 
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Microscopic examinations are never done on stomach contents since, although the stomach 
tubes and other equipment are sterilized, dead tubercle bacilli from a previously positive 
case may adhere to the tube or syringe and give a microscopically false positive result. 

CUnical Evaluations 

The clinical evaluation of each case was considered by the clinical staff headed 
by Dr. Howard W. Bbsworth, including interpretations of the roentgenograms by 
Dr. Kolia G. Karshner, and final designations by Dr. Franklin S. Reding. The 
cases were classified® as to the presence of activity and according to the stage of 
the disease. Active disease was diagnosed when the admission roentgenogram 
showed characteristic soft shadows and when successive pictures over a period of 
months or years showed unquestioned changes. The presence of signs and symp- 


TABLE 2 

Clinical Classification 

Patients admitted from August 31, 1936 to September 1, 1946 


CLASSIFICATION 

ALL ADMISSIONS 

PATIENTS fiZSIDENT TWO 
MONTHS OH MOKE 

Number 

Per cent 
of total 

Number 

Per cent 
of total 

Minimal 

172 

24.2 

166 

25.6 

Moderately advanced 

297 

41.7 

277 

42.9 

Far advanced 

129 

18.1 

126 

19.4 

Pleural tuberculosis* 

12 

1.7 

lot 

38 

1.5 

No active tuberculosis 

45 

6.3 

5.8 

No tuberculosis 

56 

7.9 

31 

4.8 

No diagnosis, no treatment 

1 

0.1 1 

Totaf 

712 

100.0 

648 

100.0 


* No pulmonary tuberculosis demonstrated, 
t One case subsequently shown to be neoplastic in origin. 


toms not explained by other conditions w'as given due weight. Fmally, and pos- 
sibl}'^ at variance with other clinicians, all cases bacteriologically positive were 
considered “active.” This was so even in those positive only by culture and 
animal inoculation. 


RESULTS 

During the ten year period from August 31, 1936 to September 1, 1946, 712 
patients were admitted to Barlow Sanatorium. Of these, 648 remained two 
months or more. The numbers and percentages of the different clinical cate- 
gories are shown in table 2. 

Table 3 shows the numbers and percentages of cases found bacteriologically 
positive, according to the clinical designation, for those resident two months or 
more. Of the 569 cases classified as active pulmonarj'" tuberculosis, pulmonary 

' According to Diagnostic Standards, 1940, National Tuberculosis Association. 
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questionably “active,” all witb minimal lesions. One of these had had rest in bed 
for eight weeks, and another for twelve weeks, before admission. In the experi- 
ence of the staff this sometimes is sufficient to result in “closure” of the lesion 
though not sufficient to allow for complete healing. Among 6 cases rated as 
probably “active,” 4 had had rest in bed for eight weeks or more prior to admis- 
sion. 


TABLE 4 


Cases Clinically Active and Bacteriologically Negative 
Resident two months or more 
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11 

Min. 

Positive 
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Probable 

12 ' 

MA 

Positive 

Tubercle 
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Pneumothorax 

Probable 




bacilli 




13 

MA 

Positive 


0 


Questionable 

14 

MA 

Positive 


1 

1 

Questionable 

15 

PA 

Positive 

Tubercle 

8 

Pneumothorax 

Unquestion- 




bacilli 



able 


Review showed one case in which the diagnosis of tuberculosis could be ques- 
tioned. The disease was limited to a thin-walled cavity that disappeared on bed 
rest. Examination for fungi had not been made. 

Comparison of results in the early and late part of the study: The results of the 
bacteriological study are derived from a program that has become increasingly 
elaborate during the ten year period. The minimum schedule of examinations 
that will yield comparable results is not indicated. Table 5 shows the results for 
the first two years and the last two years of the study. There is very Httle differ- 
ence in the percentage of positive findings (for cases of active pulmonary tubercu- 
losis) in spite of the more extensive examination program carried out in the latter 
period. This is perhaps explainable by the fact that in the two years, 1936 to 
1938, 8.2 per cent of the admissions (remaining two months or more) were mini- 
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In comparing the results of different bacteriological programs it is important 
to Icnow the clinical classification of the group studied. The percentage of posi- 
tive bacteriological findings in a given series of patients will vary according to the 
proportion with advanced and minimal lesions. In the present series the pro- 
portion of minimal casesisunusually high, making up approximately one-quarter of 
the total, and that of the far advanced cases rather low, being only one-fifth of 
the total. 

STOtMABT 

1. An intensive program for the bacteriological diagnosis of tuberculosis is pre- 
sented. 

2. Where indicated, the program includes examination of two-thirds to four- 
fifths of all sputum expectorated by a patient during the first three months of 
residence by concentration and culture and, partly, by animal inoculation. In 
addition, stomach contents are examined bj’’ culture and inoculation once each 
month. 

3. The evolution and use of this program during a ten year period is outlined. 

4. During the ten year period positive bacteriological results were obtained in 
97.4 per cent of clinically active cases of pulmonary tuberculosis resident two 
months or more. 

5. Positive results were obtained in 94.6 per cent of cases of clinically active 
minimal tuberculosis resident two months or more. 

smiAKio 

El Diagnoslico Bacteriologico de la Tuberculosis en un Sanaiorio 

1. El plan expuesto contempla el diagndstico bacteriologico de la tuberculosis 
en forma intensa. 

2. Siempre que este indicado, el plan comprende examenes de dos tercios a 
cuatro quintos de todo el esputo expectorado por un enfermo durante los primeros 
ties meses de su estancia en el sanatorio. Los examenes comprenden concentra- 
ci6n y cultivo del esputo y, en algunos casos, inoculacidn en animales. Ademas, 
se examina una vez al mes el contenido gastrico por medio de cultivos e inocu- 
lacidn. 

3. Bosqu6janse la evolucion y el empleo de este sistema durante un decenio. 

4. Durante el decenio del estudio obtuvi4ronse resultados bacteriologicos 
positives en 97.4 por ciento de los casos clinicamente activos de tuberculosis 
pulmonar en residencia dos meses o mas. 

5. Obtuvose igualmente resultado positive en 94.6 por ciento de los casos de 
tuberculosis minima cllnicamente activa que habfan residido en el estableci- 
miento dos meses o mas. 
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LETTER TO THE EDITORS 


USE OF A SLIDE CULTURE TECHNIQUE FOR RAPID STREPTO- 
MYCIN.SENSITIVTTY TESTING 

To the Editors of the American Renew of Tuhcrculosis: 

We have found it possildc to perform streptomycin sensitivity tests emplo5dng a 
modification of the slide-culture method first described by Prj’ce, (Prj’ce, D. M., J. 
Path.Bact., 1911, 5S, 327.) 

For the past year we have been comparing this method with standard techniques of 
performing sensitivity tests with most promising results. 

Tire method is rapid, easily jicrformcd, and is carried out as follows: 

Pure cultures, or digested neutralized specimens, arc smeared thinly over the sur- 
faces of 5 sterile 3 by i inch glass slides (made by cutting a 3 by 1 microslide longi- 
tudinally). Employing sterile slide forceps, the smear preparations arc inunersed into a 
series of tubes of 'Dveen-albumin medium. (Dubos, R. J., Proc. Soc. Rvpcr. Biol. 
<fe Med., 1945, 5S, 3G1) containing 0, 0, 2, 10, and 100 y of streptomycin.) Other 
suitable liquid media m.ay be employed. 

After incubation at 37''C. for one week, a smear is removed from a control tube (no 
streptomycin) and is stained by the usual Zichl-Ncclsen technique. The preparation 
is axamined by low power microscopy and, if colonies with serpentine cords (Middle- 
brook, G., Dubos, R. J., and Pierce, C., J. Exper. hied., 1947, S6, 175) are seen, the 
remainder of the smears arc also removed, .stained, and examined in a similar manner. 
Tlie concentration of streptomycin which inhibits growth on the slide is considered the 
end point. 

The sensitivity’ readings compare favorably with tests made, using more standard 
methods employing inspissated egg media and egg-yoUc-agar medium. It was in- 
teresting to note that one could estimate “partially resistant" strains by comparing 
colony size and numbers of colonies with the growth on the control tube. 

We have also attempted to utilize this technique by smearing selected particles 
from pathological m.atcrial directly on the slide and decontaminating the preparation 
by immersing it in 5 per cent H;SO« or 3 per cent NaOH. Although positive results 
have been obtained, they have been too erratic to recommend this procedure unless 
duplicate series of smears are made. 

It is our hope that other laboratories will evaluate this technique as a rapid method for 
testing the sensitivity of M. tuberculosis to streptomycin or other antibacterial agents. 

TJ. S. Public He.^lth Sehvice M.\.rtin Cuiimings, 

Tuberculosis Evaluation L.abor.atory Margaret Drummond 

Atlanta, Georgia. 

M.-irch 15, 1949 
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Childhood Tuberculosis. — Most reports of 
tuberculosis in cliildrcn confine themselves to 
a study of the prim.arj’- complex. The dise.'isc 
may travel diverse paths, however, and the 
character may be protean. A study of 90 
cases which came to autops}’ at Sea View 
Hospital is reported. All the patients were 
less than 13 years of age, and 40 per cent less 
than 3. There were 67.S per cent Negro 
children in the series, a reversal of the over-all 
ratio in the hospital. The reason would seem 
to be the presence of a low resistance and con- 
sequent overwhelming infection in this group, 
with frequent progressive primary comple.xes 
and dissemination. There were 3 general 
types of disease: the primary complex, hem- 
atogenous dissemination, and chronic pul- 
monary tuberculosis. The frequency of vari- 
ous lesions was as follows: (4) Healed or 
healing primary complex occurred in 66 cases. 
(2) Progressive prinaary complex was seen in 
23 cases. The lymph nodes were often grossl}' 
involved, both locally and in distant sites. 
(S) Early generalized hematogenous tuber- 
culosis was present to some extent in all 23 
cases of progressive primary comple.x. (4) 
Late generalized hematogenous lesions oc- 
curred in 6 cases, all of which had active extra- 
pulmonary disease. (6) Chronic pulmonary 
tuberculosis was present in 20 cases. This 
incidence in children (22 per cent of the series) 
is notably higher than in other reports. The 
lesions were similar cliiucally and roent- 
genologically to lesions in older age groups. 
A difference at autopsy was the frequency 
(7 cases) of caseated regional nodes in children, 
a rare finding in chronic pulmonary lesions of 


adults. (6) Skeletal tuberculosis was present 
as an active disease in 21 cases. All of the 13 
cases with vertebral lesions had associated 
abscesses. All but one of the cases of bone 
disease came from progressive primary lesions. 
(?) Genito-urinary lesions were present in 10 
cases, 9 of which w'ere females. Three of the 
cases had renal lesions; 8 had genital lesions, 
chiefl 3 ’- of the fallopian tubes. (8) Thirty- 
seven cases of fatal tuberculous meningitis 
were included, a far greater incidence than in 
adults. Tuberculomas of the brain were 
present in 78 per cent of these. The sources 
of the brain lesions were fresh primaries in 
5 cases, progressive primaries in 12, healed 
primaries in 17, and active e-xtrapubnonary 
disease in only 3. {9) Two cases of extensive 
intestinal ulceration without pulmonary cavi- 
tation were found. (10) One case of tuber- 
culous valvular endocarditis was noted. This 
is so rare that it may be the eighth case de- 
scribed in the literature . — Tuberculosis in 
children, 0. Auerbach, Am. J. Dis. Child., 
April, WJfS, 75: 555. — (TV. H. Oatway, Jr.) 

Phthislogenous Infiltrates. — Laennec, Koch 
and their contemporaries believed that pul- 
monary tuberculosis started in the apices 
and spread apicocaudally. This conception 
w'as maintained into the Nineteen-twenties. 
In 1922 Assman demonstrated a form of 
isolated tuberculosis in adults which Simon 
named “Fruhinfilirat”. Braenning and 
Redeker developed the thesis that this is a 
clinical-roentgenological entity and concluded 
that most tuberculosis originated from these 
infraclavicular “early infiltrates” which spread 
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hemorrhage effectively ■without un'toward 
effects— r/ic control of haemorrhage in extra- 
pleural pneumothorax, E. S. Mullard, Thorax, 
December, 194S, 3: SSS.—{A. G. Cohen) 

Artificial Pneumoperitoneum. — Peritoneal 
effusion is the most common of the infrequent 
complications of artificial pneumoperitoneum 
used in the treatment of pulmonary tuber- 
culosis. It has occurred in 8 (3.58 per cent) 
of 223 cases who had received 5,800 refills. 
The ascites in these cases is often due to 
tuberculous peritonitis. Its incidence is un- 
related to the actmty of the pulmonary dis- 
ease. Adhesions appear early but the re- 
sponse to laparotomy is fairly good. The 
appearance of ascites is considered an indica- 
tion for discontinuation of the pneumoperi- 
toneum. — Peritoneal effusion as a complica- 
tion of artificial pneumoperitoneum, R. C. 
Cohen, Lancet, December 26, 1948, 2: 1006 . — 
{A.G. Cohen) 

BCG Vaccination. — Ninety per cent of 
infants from homes with infectious tuber- 
culosis in Dublin become infected during 
the first year of life. Autopsy evidence 
shows that most deaths resulted from direct 
spread from the unhealed primary complex. 
In more recent years, as the result of better 
and more prompt treatment, there were more 
recoveries; still, in the best year at least 41 
per cent died. Sixty infants under the age 
of one year were vaccinated with BCG and 
then returned to tuberculous homes. Tliey 
were followed for one to ten years. There 
were no deaths from tuberculosis. — The need 
for BCG vaccination in infants, D. S. Price, 
Tubercle, January, 1949, 20: 11.— (^A. G. 
Cohen) 

BCG Vaccination. — ^There is a very high 
incidence of tuberculosis among the Sas- 
katchewan Indians. For a period of about 
thirteen j^ears, alternate infants were given 
BCG vaccination. A total of 306 infants 
wre vaccinated and 303 were followed as 
controls. The alternation was arranged in 
such a fashion as to insure comparability of 


the vaccinated and control groups. Vac- 
cinations were performed within ten days 
of birth. In all but 21 cases, the intra- 
cutaneous route was used. Approximately 
one-half of the infants in each group were in 
close contact with infectious adult tuber- 
culous patients. Follow-up data were avail- 
able for almost all cases. In the vaccinated 
group, there were 6 cases of tuberculosis 
(1.96 per cent) with 2 deaths. In the con- 
trol group, there were 29 cases of the disease 
(9.5 per cent) with 9 deaths. The ratio of 
incidence of infection in the 2 groups was 
1 ;4.85; the ratio of deaths was 1 :4.5. There 
were no untoward effects from the vaccination. 
— BCG vaccination of Indian infants in Sas- 
hatchewan, B. G. Ferguson & A. B, Simes, 
Tubercle, January, 1949, 30: 5. — {A. G. 
Cohen) 

BCG Vaccination. — In autopsies performed 
upon children who died of contagious diseases, 
special studies were made of the various 
chains of lymph nodes and also of the tonsils, 
liver, kidneys, spleen and lungs. The sub- 
jects included 57 children imder the age of 
two years who had been vaccinated with 
BCG-Paris and 25 controls. Characteristic 
changes were found up to three months after 
vaccination. The lymph nodes contained 
large dilated sinuses filled with large endo- 
thelial cells and lymphoblasts. Reticulum 
cells were scarce; monocytes and histoc 3 rtes 
were absent. The afferent lymphatics were 
filled with a pale, rose-colored homogeneous 
substance. The lungs showed accumulations 
of histiocytes and lymphocytes. The inter- 
alveolar and interlobar septa and pleura were 
thickened and edematous and the alveoli 
were distended. The spleen contained hyper- 
plastic follicles and endothelial proliferation. 
Round cell infiltrations of the liver were 
noted. In the group vaccinated three to six 
months previously, the changes were less 
marked. After one year, there was progres- 
sive fibrosis of the Isonphatic apparatus. 
After two years, the nodes contained in- 
creasing young connective tissue elements 
while fibrous tissue was more pronounced at 
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with great damage to many structures. 
]\Iany forms of treatment, including roent- 
genotherapy, have been unsuccessful. The 
authors report 11 cases in which they em- 
ployed roentgenotherapy to various areas, 
including the skin, eyes, lymph nodes, and 
lungs. In one patient, skin nodules disap- 
peared after doses of 3,000 and 2,500 r. but 
another nodule in tlie same person did not 
regress with 2,000 r. The lesions of one 
patient regressed spontaneously eleven months 
after irradiation was completed. — X-ray 
therapy of Boeck's sarcoid, C. P. Donlan, 
Radiology, Avgust, 1948, 51: 2S7. — (G. F. 
Mitchell) 

Heterospecific Therapy for Tuberculosis. — 
Experiments begun in 1924 demonstrated the 
production of a “heterospecific increase of 
resistance” when animals were inoculated 
with vaccines prepared from a variety of 
common bacteria. Rabbits and guinea pigs 
were more resistant than usual to pathogenic 
bacteria, including Mycobacterium tuberculosis 
for five to twenty days after intravenous or 
subcutaneous inoculation with dead bacteria. 
The greatest protection was obtained by 
using a mixture of heat-killed E. typlwsa 
and N. gonorrhoeac in a ratio of 1:3. E. 
lyphosa is said to stimulate the function of 
the reticulo-endothelial system and N. gonor- 
rhoeac to produce an infiltration of plasma 
cells. Weekly subcutaneous inoculations with 
this mixture partially protected the animals 
against subsequent injections of tubercle 
bacilli and favorably altered the course of an 
established tuberculous infection. A total 
of 2S3 tuberculous patients were treated with 
the vaccine prior to 1937 and the results were 
considered “favorable.” In 1940 a mixed 
autolysate of E. typhosa and N. gonorrhoeac 
("Hoterosate”) was found to be more effective 
than the vaccines in the prevention and tre.at- 
ment of experimental tuberculosis in animals. 
I'roin 1940 to 1945, 932 tuberculous patients 
wore treated with “Heterosate.” In prepar- 
ing this material a clear autolysate was ob- 
tained from a suspension of 2.0 mg. of bacteria 
per cc. The autolysates from E. typhosa 


and N. gonorrhoeac were then mixed in a|l:3 
ratio. Weekly subcutaneous inoculations 
were begun wdth 0.25 cc. of a 1:100,000 
dilution and the inoculum was increased over 
a period of thirty weeks to 1.0 cc. of undiluted 
“Heterosate.” The course of treatment con- 
sisted of 36 to 176 inoculations. Of 300 pa- 
tients with “incipient” tuberculosis, 65 im- 
proved and 235 completely recovered; of 
403 “light cases”, 86 improved and 315 re- 
covered. The course of the disease was not 
changed in 2 “light cases” with pleui’isy. 
“Moderately severe” disease was improved 
in 88 and cured in 65 of 173 patients; IS 
were unchanged and 2 died. Of 56 “serious 
cases”, 19 improved, 7 recovered, 25 were un- 
changed, and 5 grew worse. Prophylactic 
inoculations of “Heterosate” apparently af- 
forded some protection against tuberculosis 
in a series of 44 student nurses. — Hetero- 
specific alteration therapy for pulmonary tuber- 
culosis, S. Nuhada & C. Ryu, Japanese Med. 
J.yJune, 1948, 1: 181. — (L. B. Hobson) 

Congenital Pneumonia. — ^An epidemiologic 
and serologic relationship exists between the 
occurrence of simple upper respiratory infec- 
tion and primary at3y>ical pneumonia. Pri- 
mary virus pneumorritis occurs in epidemics 
attacking newborn and premature infants. 
Surface cells from the pharynx and lungs 
often contain cjdoplasmic inclusion bodies 
but bacteria are scanty. Treatment is in- 
effective. Six instances .are reported in 
which infants W'ere born with respiratory 
sy'mptoms or developed them during the 
first or second daja The mothers had 
symptoms of respiratory infection before or 
after childbirth. Both infarrts and motliers 
were found to have inclusion bodies in the 
pharjmgeal smears. Normal human serum, 
U.S.P., and concentrated liuman gamma 
globulin appeared to be beneficial for the 
infants’ infections. — Congenital pneumonitis in 
newborn infants, J. M. Adams, Am. J. Dis. 
Child., April, 1948, 75: 544— {W. H. Oatvay, 
Jr.) 

Lungs in Scleroderma. — In 4 cases of 



62 


^eneraij2edsc/pm^ 

bok «“ rr 

S7'" ® in '“”S llJt'T 

“i* froa°p^“' no m£"°^^^'<’Poned 

Pnlmooa n« '>''<>i>nWo' d"eT„“! 

7”»y«ooC„ «"■' ‘fesnl ?r®in : 

iflnn changes rt'’’'”'"®*® tte a,?" i"®'- ' 

Patieats ^vith I. be f 

xritlioui srl ^yaaud 

/Ipfo 

• tht 
-Dat; 


Atypical p„ 

*°«’Peratures „ ^Peniture f ^ ff'-aduaHv 

SSS5\-5f‘S? 

555 -SSs-ii i 


iv". S;r ''"S" « 

:/ A^f/en L^; '«-000. S Ver""' 

''•ceis ^ '"fi'fratjon' ‘'■'^«»na(ions 
0 / fhe?'""® no after 

suj/n„ in o- ®'”<?rence in .. 

'’''«'«“t/“'2*.“» '“«w 

“A-5 5 ^ 

Pr'tor:: /-"nSA1‘'»”^As 

'' c/in^rj.^ ~!r ‘^ycr ct p n, ^ //-/w 

‘ •' ^^^'nlcrs, I94r,7f.’^l^'^n. R 

p,.»_ ’ nom; 


'®ions .“"i’-n of a ,, 

'“■ & an?'? '■®ffl„s,4s““°‘i-«ngorf g 

^’orted n ^^^^°Penia ' ■^eoda 

atoms sedim^T '’ftPear' ^^'''op^ii/ia 

an r^^’ breaH du/n' °aacur. 

roeaifg-enoffran;,- ®onnds an j ® i/,e 

D. oft^^ 2 b^ses. 

I In«jp„ ;^a-aafesTri,,, ^ c/oudine 

,?““i fetat ®®*J-fflot’ 

n" 

aw ■? “»C‘ '?“ "'sAnt ;““ "« *0? 

"»ni«iS'Ay''» “ '’■“■p'Sat? 

o?' “ npite o? 

'^' barber) radt'of ro/^^^' 

■> ^^4S, 2ff. 


ever, ^ ' •' 2S. 

S’ o1;»P^c,t”"“'*"»"nof, 

? y Wo'S? 

' "Sr“:'“sa<cS‘ neg«i . “"« «*. 
''"".cnlt J!'f' '™cohL7'’'P '■'■'ons.Vc,?'?"' 


^"'aaer; ""aairr,?-, ^p"' ^a-a. ,rv,-„ ^aatroste^j^, , 

fff. (7 Pborna ,. — jj ^^^^P'atloa i x 

s2c?-Ss:-....AS='i^^^^^ 

a,4/4f 27,0,,,*--^ jv.aa i^°7<> ^ 

ai in ear/r ],Yp '\nai-e c;:,;,, '^‘so a : Pa^^^enemi/.. , "at, m nrl,t: 

a cougu 


^“oma.-.7n “aufraf/on , , 

S;:»aa5?SS 

‘’aaaa ^37io ^^'oro 



ABSTR^VCTS 


63 


bution of lymplioid tissue iu the retrosternal 
area. Enlargmcnt of the hilar or mediastinal 
lynipli nodes usually is looked for when a 
clinical diagnosis of malignant Ijunphoma is 
made, but the other manifestations may be 
neglected. The authors have found a lateral 
roentgenogram of the chest helpful in demon- 
strating (i) a “boardlike” soft tissue mass of 
even \s-idth extending from level of diaphragm 
to that of the sternoclavicular joint, or (2) a 
“padlike” mass or masses with a lobulated 
appearance and a broad base toward the 
sternum . — Rclroslcmal infiltration in nwlig- 
mnt lymphoma, F. G. Flcisclmcr, C. Bern- 
stein & B. E. Lc I'tnc, Radiology, Septemher, 
194 s, SI: S50—{G. F. Mitchell) 

Peripheral Vascular Diseases of the Lung. 
— ^^’"a^ious disease skates affect the smaller 
pulmonaxj' blood vessels by increasing the 
permeability of their walls or by causing ob- 
struction of their lumina. The authors are 
concerned with the rocntgenographic changes 
winch are seen in diseases affecting vascular 
permwibility. This permeability may be 
disturbed by (I) trauma which may alter the 
vessel wall, nipture it, or produce prolonged 
arteriolar spasm, (S) chronic nutritional de- 
ficiency, or (S) exposure to drugs or antigenic 
substances. Nonpenetrating injuries of the 
chest frequentty produce rocntgenographic 
signs suggestive of an acute inflammatory 
process. These include parenchymal shad- 
ows of variable extent usually associated 
with pleural involvement and tending to dis- 
appear rapidly. Epidemic influenza dam- 
ages the pulmonary' capillaries primarily, pro- 
ducing a progressive hemorrhagic pneumonia 
vlth shadows rapidly extending from the 
periphery toward the hilum. Disseminated 
lupus cry'thematosus shows a roentgenographic 
picture similar to that in influenza but is, of 
course, characterized by diffuse fibrinoid de- 
generation of collagen with necrotizing ar- 
teritis. Rheumatic fever also is associated 
with widespread collagenous degeneration 
and vascular changes. There may be many 
areas of perivascular exudation which form 
uodules during healing. The lungs are in- 


volved in about half the patients during the 
acute stages and later roentgenograms show a 
diffuse, hazy' shadow over the middle and 
upper portions of the lung fields, more dense 
peripherally. If heart failure and pulmonary 
congestion arc present, these findings are ob- 
scured. Periarteritis nodosa is a focal ar- 
teritis with hyaline degeneration, nodule for- 
mation, and obliteration of the lumen. Most 
patients with this disease have pulmonary 
involvement at some time and may' have 
pulmonary' failure in the acute stages. This 
is associated with transient but massive, 
symmetrical shadows extending from the 
hilum toward the peripheiy' so that a “corona” 
appears about the mediastinum. In the 
chronic stages small, hazy' shadow's scattered 
throughout the pcrijiheral lung fields and 
accentuated bronchovascular markings at 
the bases suggest bronchopneumonia. Serial 
films show migrations of these shadows similar 
to those described in Locfller’s syndrome. 
Exfoliative dermatitis may' be accompanied 
by rocntgenographic evidence of a diffuse 
inflammatory' process, disappearing and reap- 
pearing with the changes in the skin. Acute 
glomerulonejfliritis may alter the permea- 
ability of the vascular walls and produce 
evidence of pulmonary edema and pleural 
effusion. — The roentgen appearanec of the chest 
in diseases affecting the peripheral vasadar 
system of the lungs, R. P. Barden ct D. Cooper, 
Radiology, July, 194S, SI: 44 . — ((?. F. Mit- 
chell) 

Surgery of Tension Cysts. — Congenital 
cysts of the lung are uncommon. A survey 
in 1933 included only 150 cases, very' few of 
wliich were seen in infants or diagnosed during 
life. The large smgle tension type of cyst 
is even more rare. It is bronchogenic in 
origin and until recently was fatal. In the 
past five y'cars a few' resections have been re- 
ported and the authors successfully removed a 
giant cyst in an infant of four months. The 
patient’s mother had had four pre\'ious preg- 
nancies, two of which had resulted in mis- 
carriages and one in a stillbirth; the other 
infant died during the first day of life. The 
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Acute generalized hematogenous tuberculosis 
was then selected for treatment with promi- 
zole because the course of this disease is more 
prolonged than that of meningitis, thus allow- 
ing more time for the action of the drug. The 
prognosis of tliis form of tuberculosis in 
children is nevertheless uniformly bad. The 
first cases were started on 1 Gra. dailj' and 
the dose was increased rapidly to the point 
of toxicity. Later the dosage was more 
slowly increased until a dail}’ dosage of 5 
Gm. was reached. A blood level of 2 to 3 mg. 
per 100 cc. was found satisfactory and, after 
prolonged treatment, adequate blood levels 
could be obtained with as little as 1 Gm. a 
day of the drug. Eleven children, ranging in 
age from sLx months to eleven years, with 
acute miliaiy tuberculosis received promi- 
zole. Treatment was given for one month to 
two or more years. The toac effects noted 
were vomiting, leucopenia, ejmnosis, jaun- 
dice, a definite increase in the size of the thy- 
roid gland and sex maturation as endenced 
by enlargement of the nipples and breast 
tissue and growth of pubic hair. These 
changes yielded readily to treatment except 
possibly the sex maturation. Five consecu- 
tive cases of acute generalized miliary tu- 
berculosis were apparently adequately treated 
with promizole. Of these 2 children died 
forty-three days and four and a half months 
after therapy was begun. Roentgenographic 
evidence of miliarj’’ tuberculosis disappeared 
completely in 3 cliildren who are alive thirty to 
thirty-three months after promizole was first 
given. The primary pulmonary lesions cleared 
slowly and in 2 cases cavitation appeared. 
One child developed tuberculosis of the spine, 
choroiditis and positive urine cultures while 
taKng the drug. All three of these cases are 
still receiving maintenance doses of promi- 
zole. Thus promizole may have a favmrable 
action in suitable cases of miliary tuberculo- 
sis. It can be given safely and effectively 
over a period of years.— T/ie treatment of 
miliary tuherculosis with ■promizole. E. M. 
Uruxln, S. Stone & 0. R. Hoffman, Bull. 
Johns Hopki-ns Hosp., January, 194S, 82: 
J-' {J. S. Woolley) 


Streptomycin for Tuberculous Meningitis. 
Thirty children with tuberculous meningitis 
between the ages of 9 months and 11 j^ears 
were treated with streptomycin. The drug 
was administered intramuscularly as well as 
intrathecally to 25 patients; 5 others were 
treated with intrathecal injections alone. 
A series of 20 to 25 intrathecal injections 
was given, each dose being 0.025 to 0.1 
Gm. The intramuscular dosage was 0.25 to 
0.5 Gm. daily and was continued for three 
to five months. Among these 30 cases 
there were 11 deaths; 19 cliildren were alive 
after two to fifteen months. The best re- 
sults were obtained in those children ki whom 
treatment was started not later than on the 
tenth day of illness. The spinal fluid be- 
came completely normal in only 6 of the sur- 
viving 19 cases. — Streptomycin in tuberculous 
iiicningitis in children (R'ussian), N. 0. 
VassHevich, Probl. Tuberk., 194S, S: 22 . — 
Y. Lcites) 

Streptomycin in Chest Surgery. — Reports 
of the use of streptomycin in pulmonary and 
pleuropulmonary infections are still scanty. 
A series of 17 cases of lung abscess, nontu- 
berculous empyema, and tuberculous em- 
pyema is reported as a part of the experience 
with streptomycin in U. S. Army Hospitals. 
In 3 cases of lung abscess the drug in con- 
junction with penicillin seemed helpful when 
the organisms were sensitive but not when the 
lesions were chronic and extensive. Five 
cases of nontuberculous empyema were helped 
remarkably, especially when susceptible 
organisms, notably E. coli, were present and 
adequate surgical drainage was obtained. 
In 9 cases of tuberculous empyema the results 
were v'ariable. Fistulas and empyemas did 
not seem to improv’-e if the associated pul- 
monary lesions were productive or if they did 
not improve coincidentally. It is believ^ed 
that streptomycin may be more effectwe in 
conjunction with penicillin; it may control 
pyogenic invaders during local or intramus- 
cular administration; and it may extend the 
scope of plastic operations by providing addi- 
tional protection. — Streptomycin in surgical 
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losis which was unknown to the medical de- 
partment. In ^^ew of these meagre results the 
value of annual roentgenographic sun^eys is 
considered absolutely out of proportion to the 
cost in stable and homogeneous emploj’ee 
groups suppUed with a good medical depart- 
ment. Much more important is the continu- 
ous case finding actmty of the medical de- 
partment especially on the occasion of the 
slightest suspicious symptoms . — La iuhcrcti- 
lose cl Ics examens radioJogiques annuals, G. 
Poix, ill. Baritly, & J. Bcnelaud, Prcssc 
nted., November 16, 194S: 776. — (F. Leites) 

Case Finding in Hospitals. — The routine 
examination by roentgenography of hospital 
admissions and outpatients is one of the best 
methods of finding tuberculous and other 
lesions of the chest. Although earl}’’ trials 
occurred fifteen years ago, no hospital was 
known to have a routine program in 193S, A 
survey in 1943 indicated that 56 general hos- 
pitals were using the method but recent data 
on progress have been either incomplete or 
unusable. The American Hospital Associa- 
tion reported early in 1948 that 879 institu- 
tions of all types claimed to be taking “rou- 
tine chest x-rays.” An attempt has been 
made to determine the practice in general 
hospitals which comprise 4,539 of the 6,276 
registered hospitals but which receive 93 per 
cent of the 15,829,000 admissions per year. 
Information was obtained from all of the state 
health departments, 43 of which now have 
tuberculosis control officers. It was found 
that data on the origin of funds and on the 
type of films were scanty. Data on the cost 
per patient and the charges per film were 
usually not computed or correlated. In most 
hospitals the taking of chest roentgenograms 
k far from routine. In spite of a lack of defi- 
nite statistics, there is evidence that the use 
of routine roentgenography is being widely 
■ extended. Several states have very active 
and widespread plans. Finances are said to 
be less of a problem to hospitals than ad- 
mmistration. At least 247 general hospitals 
were found to have a program in effect, 27 
more have equipment ready to use, and 


numerous others have plans to initiate a 
program . — The current stains of routine x-ray- 
ing in general hospitals of the United Slates, 
September, 194S, IF. H. Oatway, Jr., Arizona 
Medicine, January, 1949, 6: S3. — (IF. H. 
Oalway Jr.) 

A Nonofficial Agency in Britain. — Last 
December the National Association for the 
Prevention of Tuberculosis celebrated its 
fiftieth anniversary. The Association re- 
mains a voluntary bod}’, encouraging research 
and seeking public support. There is a de- 
finite place in the National Health Sen’ice for 
the nonofficial agencies -which are interested 
in the prevention of tuberculosis and the next 
ten years should see no restriction of its ac- 
thdties. Indeed, the prevention of tubercu- 
losis might well form the main task of medical 
officers of health who are now freed from the 
routine of hospital administration. At pre- 
sent the Association is e.xtending its acti-vdties 
to the British colonies . — Ttiberculosis and 
voluntary action. Editorial, Brit. M. J., 
December 85, 1948, 4599: III 4 . — (,B. TF. Clarke) 

BCG Cultures. — The possibility arose that 
frequent subculturing might alter the biologi- 
cal properties of BCG strains. The prob- 
lem could easily be solved if the cultures could 
be kept under standard conditions. A method 
used successfully with other organisms is to 
freeze-dry the cultures. The problem wns to 
determine the efficacy of this method with 
BCG strains. Various vehicles were tried; 
serum and gelatin proved best. It was found 
that the survival rate after freeze-drying was 
about 66 per cent. The cultures were stored 
for one to twelve months at both 4°C. and 
26'’C. The survival rate was not affected by 
the length of storage. Antigenicity was tested 
by tuberculin tests on immunized guinea pigs 
and by protection tests against virulent strains. 
There was no difference in xurulence between 
the frozen-dried cultures and controls. — 
Viability of freeze-dried BCG cultures, J. 
Unger, Tubercle, January, 1949, 30: 2 . — 
(A. G. Cohen) 




EMPYEMA AS A COMPLICATION OF CHRONIC PULMONARY 

TUBERCULOSIS 

OSCAR AUERBACH! .5 
(Received for publication January 17, 1949) 

Empyema as a frequent complication of chronic pulmonary tuberculosis is in 
many of its aspects poorly understood. In an effort to clarify some of the con- 
troversial points, it was decided to review all of the cases of empyema which 
came to autopsy. An attempt was made to correlate such factors as treatment 
with pneumothorax, bronchopleural fistulas, and bacteriologic findings with the 
development and course of empyema. 

COlilPOSITION OF SEMES 

One thousand eight hundred seventy-four consecutive autopsies of chronic 
pulmonary tuberculosis were reviewed. Among these there were 311 cases of 
empyema, an incidence of 16 per cent. 

Diagnostic criteria: All cases in which purulent material was present in the 
pleural cavit 5 f were included in this series. No distinction was made in this 
study between gradations of the pus as to consistency, specific gravity, or bac- 
teriological variants vithin the fluid. 

Age: The youngest person in the series was 8 years of age, while the oldest 
was 70 years of age. From table 1 it may be seen that the majority of cases 
occurred in the age period between 20 and 40 years, the age period in which the 
greatest number of cases of chronic pulmonary tuberculosis is observed at au- 
topsy. 

Sex: There were 205 men and 106 women. This was in direct proportion of 
men to women in the general autopsies during this period. 

Color: One hundred and ninety-one (61.09 per cent) were white, 118 (37.9 per 
cent) were Negroes, while two (0.6 per cent) were of the Asiatic race. This is 
also directly proportional to the color distribution in the general autopsy series. 

Artificial Pneumothorax 

Two hundred and fifty-two (81 per cent) of cases of empyema occurred in the 
presence of an artificial pneumothorax on the same side, while fifty-nine (19 per 
cent) were found in cases without antecedent treatment. 

Duration of chronic pidmo7iary tuberculosis before induction of artificial pneumo- 
thorax: In table 2 it may be seen that 110 cases (42 per cent) in the series were 
those in which pneumothorax had been started one to three months after the 
onset of chronic pulmonary tuberculosis. Another 70 occurred in patients in 
whom pneumothorax had been started between the fourth and seventh months 

! Laboratory service, Halloran VA Hospital, Staten Island 2, New York. 

= This material was gathered while the author was at Sea View Hospital, Staten Island 
New York. ’ 
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In 100 ons'o.-? (oO.o por cent) the pncumothonix was nhantloncd from oho to 
eight months after the initial induction. In iin instances (21 .8 per cent) collapse 
thcnipy Avas nl)andonetl from nine to eighleon months after it wa.s .started. In 
the remaining *17 cases (1S.7 per cent) it was given up from nineteen months 
to five years later. 

When the imcumothorax had been maintained for a long period of time before 
the development of the empyema, the bronchopleural fistvda, when found, was 
at the base of a chronic cavity in the upper lobe of the lung (figure -lb). 
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I'l'om this study it seems justifiable to state that in cases of artificial pneumo- 
thorax empj'cma is an early complication of the therapy, but maj' occur so long 
as the collapse is maintained in tlie presence of an open cavity. 

PATHOLOGIC AXATOSa' 

In the vast majority of cases the empyema cavity was located in the lateral 
aspect of the chest. It usually extended from the inferior aspect of the upper 
lobe to the base of the lower lobe. The cavity extended for a variable distance 
toward the anteromedian and also toward the posteromedian aspects of the 
chest. In all regions the boundar}' of the empyema caAotj’" was the fused visceral 
and parietal la}'ers of the pleura. In most instances the empj’^ema cavity meas- 
ured about 15 cm. in the apico-basal direction and 12 cm. in width. There 
Mere variations in the size and position of the empyema space. In some cases 
the empyema cavity continued for a variable extent along the diaphragmatic 
surface. Less frequently it extended toward the apical aspect of the lung. In a 
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Where nniltiplo perforations wcne jn-esent, they were loeateil either in (lilTcrcnt, 
lobes on the same side or in the san'ie lolie. I'lie size of tlie listulas varied from 
less than one mm. to that of almost, an entire lobe; the latter having oceurred 



Fig, lu. (Left) Tlic viscornl pleura over ttic riptil lung of a 29 year old man who had boon 
receiving artificial pnouinothorax on the right •■^ide for one month before his death. The 
lol.al duration of his disease was si.xteen months. The i):itiont c.\’i)ired two days after 
definite clinical signs of a spontaneous pneumothorax on the right side. After diligent 
search a cap of fibrinous tissue (a) was found firmly attached to the visceral pleura. 

Fig. lb. (Right) Removal of the fibrinous cap in figure la (b) revealed a 2 mm. opening 
in the visceral pleura which communicated with a large cavity in the upper lobe of the right 
lung. 

where artificial pneumothorax was instituted in cases of extensive caseous lobular 
pneumonia (figures 2a and 2b). The distribution was as follows: 


Upperlobo of the left lung 52 

Lower lobe of the left lung 19 

Both lobes of the left lung 8 

Upper lobe of the right lung 44 

Itliddle lobe of the right lung 4 

Lower lobe of the right lung 16 

Upper and lower lobes of right lung 8 

Middle and lower lobes of right lung 2 
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in tlic pleural oxudatc durin*;; life. The presence of a zone of caseation lining 
the pleural surfaces in the last grouji would indicate that the pleural fluid had 
not been sterile. 

The inner aspect of the pleura in t he early cases was lined in part by a variably 
wide pink granular zone of caseat ion and in part, by a zone of fibrin containing 
polymorphonuclear leukocytes and nuclear debris. Toward the periphery of this 
zone were libroblasts and epithelioid cells. A narrow to wide zone of vascular 
granulation tissue surrounded the inner layer, d'his was composed of fibro- 



Fig. 3. A coronal sect ion of the upi)or lobe of Ihc right lung of a 211 year old Negro woman 
whose total duration of illne.ss was twenty-one months. .An artificial pneumothorax on the 
rightside was begun seventeen months after the onset of her disease. A Jacobeus operation 
to sever an adhesion was performed three weeks before her death. A portion of the severed 
band is still present, but most of it has sloughed .away. A bronchopleural fistula is located 
at the site of the adhesion band. 

blasts, epithelioid cells, Langhaits’ giant cells, dilated capillaries, and collagen 
fibrils. In some areas the cellular elements were arranged to form tubercles. 
Tubercle formation and giant cells were generall 3 ^ not as frequentlj’- found as in 
the tuberculous granulation tissue in the lung parenchjuna. It was often 
necessaiy to examine multiple sections of the pleura to establish the tuberculous 
character of the process with certainty. 

Bejmnd the granulation tissue was a zone of loose connective tissue, wider in 
the parietal than the visceral aspects, Avhich became progressivelj’’ thicker as the 
process continued. 


Baderiology 

Some classifications (1, 2, 3) of empj’'ema contain two groups and are so divided 
according to the bacteriologic findings of the fluid. One group is tuberculous 
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Fig. 4a. (Top) A large empyema cavity on the right in a 2G year old woman whose total 
duration of illness was forty-four months. An artificial imcumothorax on the right side 
w'as begun si.x months after the onset of her illness and abandoned thirty-one months later 
because of fluid in the pleural space. The greatly thickened parietal pleura (a) is adherent 
to the muscles of the chest wall. An adhesion band (b) is present between the visceral and 
parietal pleurae. The opening of a bronchopleural fistula is seen in the visceral pleura (c). 

Fig. 4b. (Bottom) A coronal section of the right lung (figure la) shows it to be greatly 
compressed. A probe is seen passing through the cavity and the opening in the visceral 
pleura. Onlj^ tubercle bacilli were recovered from the pleural fluid during life. 
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empyema in which only tubercle bacilli are recovered, and the other mixed in- 
fection empyema in which in addition pyogenic organisms are also found. 

In the present series, bacteriological examination of the pleural fluid was not 
performed in 101 cases. In the 210 cases in Avhich a study of the fluid Avas made, 
89 shoAA^ed the presence of tubercle bacilli in pure culture Avhile 78 contained 
tubercle bacilli and pyogenic organisms. In 19 cases only pyogenic organisms 
AA’ere found and in 24 cases the cultures AA^ere sterile. 



Fig. 5. A greatly compressed lung on the left due to an empyema cavity in a 49 year old 
man Avhose total duration of illness w^as six years. An artificial pneumothorax on the left 
side Avas begun two and one-half years after the onset of disease. Death occurred during a 
second stage thoracoplasty (left) ivhen the pus in the pleural cavity U'as aspirated into the 
right lung through a small bronchopleural fistula (a) in the lower lobe of the left lung. The 
compressed lung is resilient throughout its greater extent. The pleurae over the upper part 
of the lung are greatly thickened and the pleural space obliterated. Streptococci and 
tubercle bacilli were cultured from the pus during life. 

Except for M. tuhercidosis, staph 3 dococci AA'ere most frequentlj’’ found in the 
pleui'al caAot}’', This finding is in agreement AAuth the observations reported in 
the literature. A feAV authors (4, 5, 6) hatm pointed out that the finding of 
staphjdococci in an empj^ema in itself suggests that the condition maj'- be pri- 
mariljf tuberculous. Less frequentlj'^ isolated Avere pneumococci and streptococci . 

In a small group of cases (35) three other organisms Avere found in the empj''ema 
caAuty. These Avere B. proteits, B. pyocyaneoiis and in tAVo instances, E. coli. 
It is interesting that in this group the organisms in all instances appeared after 
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:i ooiniuiniicati(>i\ willi llic o\ilsi(l»'. 'I'lic opening lo llic oiilsido was (Iio rpsiilf, 
of a thoracotomy nineteen times, an empyema necessitatis throe times, and follow- 
iiifia Schede ojicration, thirteen times. 

Anotlier feat\ire of llie !>aeteriolo_>iic sindies is tlie Ki<“at variation in (he find- 
in^s obtained from reiK'at<‘d studies of (lie purnlen( linhl removed from the .same 
patient . The variations were {fieat and in many instances e.xtromely inconsistent. 
In some instances no organisms were recorded, otlier times tnherele liacilli, and at 



Fig. G. a large cinpyema cavity on tlic left occurring in a 3 i year old woman wliose total 
duration of illness was twenty-three montlis. .An artificial pneumothorax on the leftside 
was begun five months after tlie onset of her disease. A bronchopleural fistula in the upper 
lobe of the left lung is not visualized in this view. Tlic thickened parietal pleura is lined 
bj' a thick green “velvety” surface, .An emiiycma necessitatis which had not ruptured 
through the skin was present in the left breast. Tubercle bacilli, but no pyogenic organ- 
isms, were cultured from the pus removed during life. 

other times pjmgenic organisms in association wit It tubercle bacilli. The pyo- 
genic organisms, when recovered, were not always (,he same. 

Healing of Pulmonary Cavities on Side of Empyema 

In fifty (16 per cent) of the cases in this series the cavit y in the lung had under- 
gone anatomic healing either in the form of an inspissated cavity or a radial 
scar. In 2i instances cavities were present in the other lobes of the same lung 
or on the opposite side. In the remaining 26 cases the entire tuberculous process, 
including the cavity, was either in the stage of healing or was anatomicallj'- 
healed. 
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In 26 of the 50 cases, an artificial pneumothorax was pei-formed to collapse 
the cavity and, although in these cases the object was accomplished, the compli- 
cation resulting from the procedure was the direct or indirect cause of death in 
many instances. Some of the patients died in uremia secondary to amyloidosis 
and others of a bronchopneumonia following one of the operations to obliterate 
the empyema cavity. 

Complications 

Empxjcma necessitatis: There were 32 (9.7 per cent) cases in the series which 
showed evidence of an empyema necessitatis. This is considerably lower than 
the 24 per cent reported by Sindel (7) in a clinical study from this institution. 
The basis of this difference lies in the fact that most of the cases in the present 
series underwent extensive surgical treatment during life in the form of aspira- 
tions, thoracostomies, and thoracoplasties. 

In all but four instances the empyemata occurred in cases treated \vith arti- 
ficial pneumothorax. 

In all but one case, the empyema necessitatis was present in the form of an 
abscess in the soft issue of the chest wall. In the one exception it perforated 
the esophagus and resulted in a pleuro-esophageal fistula. 

The abscess in the chest wall, usually found in the anterolateral chest wall, 
communicated with the pleural empyema through one or more openings which 
varied in size from 2 mm. to 2 cm. The latter were enlarged needle tract open- 
ings lined by tuberculous granulation tissue. The chest wall abscess varied in 
size from 2 cm. to 5 cm. in diameter. In 22 of the cases the abscess ruptured 
through the skin to form a pleurocutaneous fistula. 

Amyloidosis: In 107 (34 per cent) of the cases, amjdoidosis of varying degrees 
was present. This compares with 22 per cent in the general autopsy series 
during this period of time and 35 per cent which were obseiwed in skeletal tu- 
berculosis. 

Amjdoidosis was present to a much greater extent in those cases in which the 
emp 5 '^ema had been present for long periods of time. There can be no question 
that empyema is an important predisposing factor in the development of amy- 
loidosis. 

The amyloid deposits were present chieflj’^ in the liver, spleen, kidneys, and 
adrenal glands. In some of the cases the tuberculous process within the lungs 
underwent anatomic healing (with cavity closure) and the patient died of uremia, 
resulting from an extensive amjdoidosis in the kidne 3 ''s. 

DISCUSSION 

It has been our impression that the cause of the empyema in each instance is 
a bronchopleural fistula. The importance of bronchopleural fistula as an etio- 
logic factor was recognized by Duboff (8) and stressed by Coryllos (9). 

In many of the cases of empj^ema in the present series, in which there was no 
bronchopleural fistula present at the time of the autopsy, there was a definite 
episode which pointed to the presence of one during the patient’s life. These 
episodes included: marked shifts of the mediastinum to the opposite side; the 
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lung compressed in excess to that observed at last fluoroscopjL Tliis finding was 
soon followed by a pleural exudate. 

The eraptjdng of the contents of a pulmonary cavity or liquefied caseous focus 
into the pleural cavity through the perforation sets up an inflammatory process 
in the pleura. This inflammatoiy process, regardless of the t 3 ’-pc of bacteria 
involved, has a uniform gross and microscopic appearance. It is not unusual 
to isolate different species of bacteria from a given empj’^ema cavity at different 
times. 

The finding of pj'ogenic organisms in the pleural empj'ema is an extremely 
interesting feature as the presence of pjmgenic organisms in the tuberculous 
cavity within the lung is a rare occurrence. Yet, in cases with a bronchopleural 
fistula without thoracotomj’- drainage, pjmgenic organisms are found in the 
pleural space with great regularity. It is difficult to explain why the bacterial 
flora present in the bronchi do not gain access to the vomica in the lung, j^t 
when this structure perforates into the pleural ca\dty, P 3 mgenic organisms are 
found in the latter. Even in these latter cases, however, pyogenic organisms are 
rareb'’ found in the pulmonary cavity. A stud 3 ’’ of the organisms in the emp 3 ’’ema 
ca\’ity (staph 3 dococci, pneumococci, streptococci) indicates that the 3 ’’ are the 
type found normalty in the mouth. 

The findings of the present study substantiate the often repeated statement 
that emp 3 ’’ema in chronic pulmonar 3 ’’ tuberculosis is chieQ 3 ’’ (81 per cent of cases) 
a complication of artificial pneumothorax. It is interesting to note that Vine- 
berg and Arouonntch (11) in their study also found 81 per cent of their empyema 
cases were secondar 3 ’- to induced pneumothorax. In 2 instances there was emp 3 '^- 
ema present on both sides; both occurred in the presence of a bilateral artificial 
pneumothorax. 

It is unfortunate that in the present series data are not available concerning 
number of patients with artificial pneumothorax who died during this period so 
that it would be possible to determine the incidence of empyema in cases of 
fatal chronic pulmonary tuberculosis with artificial pneumothorax. The inci- 
dence as reported by different men (1, 8, 11, 13-16) varies considerabl 3 '-, how- 
ever, with a range from 5.8 to 40 per cent. 

There are three main sources given for the infection: (1) rupture of a cavity or 
a subpleural caseous focus into the patent pleural space; (2) tearing of an ad- 
hesion; and (S) infection from without. 

Rxipture of a cavity or subpleural focus into the patent pleural spaces: The tu- 
berculous process in the lung usually begins as an area of tuberculous pneumonia 
in the posterolateral portion of the upper lobe, usually about 2 or 3 cm. above the 
interlobar fissure. This site corresponds to the infraclavicular shadow observed 
in the roentgenograms. Surrounding the tuberculous pneumonia is a perifocal 
reaction the extent of which usually varies with the size of the focus it surrounds. 
This reaction extends to the pleura and results in a localized serofibrinous exudate. 
As the process continues the tuberculous pneumonia undergoes caseation, 
liquefaction, and cavity formation. With the development of caseation, a zone 
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Tearing of an adhesion: Some authors (4, 18-20) believe that in some instances 
there is a rupture of existing adhesions vdth infection of the pleura. Joannides 
(21) believes that the injured pleura comes in contact with contaminated air 
and this produces an exudate. 

The writer has never seen evidence at autopsy of the nipture of an adhesion 
band with the subsequent development of an empyema. The development of a 
bronchopleural fistula follovdng the severance of an adhesion has been obseiwed. 
The latter phenomenon is a very infrequent occurrence, however, and it is 
believed that the reason for this lies in the structure of the adhesion bands. 
Three distinct types of bands are present. One is a thin, cord-like band com- 
posed entirely of hyalinized connective tissue, another is a broader round band 
containing pulmonary tissue for varying extent toward the parietal attachment, 
and the third consists of wide, fan-like adhesions Avhich always contain lung 
tissue in its parietal attachment. The fan-lilce adhesions are dangerous to sever 
and are usually left intact bj"^ the surgeon. The great majority of bands are 
the thin, hyaline connective tissue bands devoid of lung tissue. Section of these 
bands at their parietal attachment leads to necrosis of the band which halts at 
its visceral junction. Support for this thesis is found at autopsy since in a great 
number of cases all traces of the bands severed by previous Jacobeus operation 
are absent. Lysis of the round adhesion bands containing lung tissue is a 
probable cause of fistula formation. Under these circumstances, either the 
coagulative necrosis extends to the pulmonary tissue or the lung tissue is cut 
directly, leading to a bronchopleural fistula. Since these adhesions are usually 
found over cavities, the necrosis extends to the lung tissue until the cavity be- 
comes involved. This may come to open directly into the pleural space (figure 
3). 

Infection from without; In a pre\dous study (22), it was stated that pyogenic 
organisms can be introduced into a tuberculous empyema from outside the chest 
wall by means of aspirations, but that this happens so infrequently that its 
significance is negligible. Leaver and Hardaway (1) state that, although the 
introduction of pyogenic organisms during pneumothorax refills and during 
thoracentesis for removal of serofibrinous exudate is given as an etiologic cause, 
they could find no case in which this was demonstrated. Berry (23) attributed 
the development of empyema to faulty technique in 3 of 44 empyema cases in 
which artificial pneumothorax had been administered. 

The evolution of a clear serous effusion into a tuberculous empyema has been 
noted by a number of different obseiwers, among the first of whom were Brauer 
and Spengler (24) and Dumarest (25). Peters and Woolley (26) state that it is 
noteworthy that this evolution may take place unnoticed and that it should be 
clearly differentiated from septic empyema, especially that due to acute lung 
perforation. The writer believes that in almost all instances the evolution of a 
serous effusion into an empyema is the result of a bronchopleural fistula which 
was not discovered clinically. These are the “silent” fistulas to which reference 
has already been made. This vieAv is shared by Pollock and Sldnner (12) who 
believe that in the infrequent cases in which this occurs there is a spontaneous 
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artificial pneumothorax (due to stretching) with the subsequent development of 
an empyema. 

4. There is no case in the series in \Yhich it could be proved that an infection of 
the pleural space occurred from without. 

5. The evolution of a clear serous effusion into an empyema in almost all in- 
stances is the result of a bronchopleural fistula which was not discovered clini- 
cally. 

6. In 180 cases (72 per cent) the artificial pneumothorax was begun within the 
first seven months of the onset of the disease. Empyema is generally an early 
complication of the therapy but may appear at anj' time as long as the collapse 
is maintained in the presence of an open cavity. 

7. In none of the cases in this series was there evidence of the rupture of an 
empyema into the lung parenchjTna. 

S. Empyema necessitatis was a complication in thirty-two (9.7 per cent) of 
the cases. In all but 4 instances they developed in cases of artificial pneumo- 
thorax. 


SmURIO Y CONCLUSIONES 

El Empiema como CompUcacion de la Tuberculosis Pulmonar CrSnica 

1. Entre 1,874 autopsies consecutivas de tuberculoses pulmonares crdnicos 
hubo 311 cases de empiema, o sea una incidencia de 16 por ciento. En 250 (SI 
por ciento) habla presente im neumotdrax terapfiutico, y 59 (aproximadamente 
19 por ciento) correspondlan a casos sin previo tratamiento, lo cual apoya la 
opinion general de que el empiema cs principalmente una complicacidn del 
neumotdrax artificial. 

2. Los AA. tienen la impresidn de que la causa del empiema consistla, en cada 
caso, en una fistula broncopleural. 

3. No se observaron signos en la autopsia de la rotura (debida a estiramiento) 
de alguna adherenciaen el neumotdrax terap4utico, con la subsiguiente produccidn 
de empiema. 

4. No hay ningiin caso en la serie en que pudiera demostrarse que sobrevino 
del exterior alguna infeccidn del espacio pleural. 

5. La evoluci6n de un derramc seroso limpido en empiema en casi todos los 
casos representa el resultado de una fistula broncopleural que no se descubrid 
clinicamente. 

6. En 180 casos (72 por ciento) se inicid el neumotdrax terapdutico en tdrmino 
de los primeros siete meses de la iniciacidn de la enfermedad. El empiema es 
generalmente una complicacidn temprana de la terapdutica, pero puede aparecer 
en cualquier momento en tanto que se mantenga el colapso en presencia de una 
cavema abierta. 

7. En ninguno de los casos de esta serie habia signos de la rotura de un empiema 
en el pardnquima pulmonar. 

8. El empiema necessitatis representd una complicacidn en treinta y dos (9.7 

por ciento) de los casos. En todos, menos 4, se presentd en casos de neumotdrax 
artificial. 
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TUBERCULOUS SPONTANEOUS PNEUMOTHORAX^* « 

BERNARD HYDE AND LEROY HYDE 
(Received for publication June 28, 1948) 

INTRODUCTION 

Despite the fairly frequent occurrence of spontaneous pneumothorax in 
pulmonaiy tuberculosis, relath'ely little has been %s'ritten concerning this sjm- 
drome. Omstein and Ulmar (1) in their excellent article quote Biach’s finding 
that of 918 cases of spontaneous pneumothorax, 715 \Yere caused by pulmonarj’" 
tuberculosis. The present studj*' comprises 40 consecutive patients with pul- 
monarj' tuberculosis who developed a spontaneous pneumothorax. On the 
sendees from which this report is made the complication of spontaneous pneumo- 
thorax occurs in about 1.4 per cent of cases of pulmonarj’- tuberculosis, as 14 
cases were detected in 1,000 patients with pulmonarj' tuberculosis who were 
admitted consecutivelj’. These 40 patients of the present report were studied 
as a comparison group with a previouslj' reported series of 63 patients udth 
benign idiopathic spontaneous pneumothorax (nontuberculous) (2). 

RESULTS OF ANALYSIS OF SERIES 

Symptoms: SjTuptoms of spontaneous pneumothorax vary from none to a 
sharp, acute, tearing chest pain vdth dyspnea, cj^anosis, and shock. Of the 
present group of 40 patients, 30 had sudden pain on the affected side. Since 
most of these patients were moderatelj' ill vdth pulmonarj’- tuberculosis, it is 
possible that their pain thresholds were elevated. Effort was not the cause of 
the tuberculous spontaneous pneumothorax in anj’- patient. Thirty-one pa- 
tients had moderate to severe dyspnea, although this was not related necessarily 
to the degree of collapse of the lung. Thirtj’--two of the 40 patients had chronic 
cough at the time of their spontaneous pneumothorax. 

Physical signs: Physical examination revealed classical signs of pneumo- 
thorax, namely, hjqier-resonance, absence of breath sounds, and diminished 
movement of the affected side of the chest. If pleural fluid was present, flatness 
was noted at the lung base posteriorly. Examination of the chest roentgeno- 
grams revealed that 37 of the 40 patients (92 per cent) had pleural adhesions. 

Fluid in pleural cavity: Eleven patients had no free pleural fluid. Six pa- 
tients had only a small amount of fluid up to the level of the diaphragm, and 
the remaining 23 patients (57 per cent) had fluid above the level of the diaphragm 
(table 1). This was in marked contrast to the group of benign idiopathic 
spontaneous pneumothorax patients, in AA’liich group there were only 4 cases out 

' From the College of Medical Evangelists, Los Angeles, The White Memorial Hospital, 
Los Angeles, and the Pulmonary Diseases Service, Birmingham Veterans Administration 
Hospital, Van Nuys, California. 

^ Published with the permission of the Chief Medical Director, Department of Medicine 
and Surgery, Veterans Administration, -who assumes no responsibility for the opinions 
e.vpressed or conclusions drawn by the authors. 
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of So (5 per cent) mth fluid above the level of the diaphragm, and in each of the 
4 the fluid was grossl}’’ blood.y. 

Extent of pvhnonanj tuberculosis: Concerning the degree of tuberculosis, 4 had 
minimal lesions and 36 had either moderately advanced or far advanced pul- 
monarj’’ tuberculosis. Tuberculous spontaneous pneumothorax maj’’ affect 
either side with equal frequence'. In this scries, 17 patients had a left pneumo- 
thorax, 21 had a right pneumothorax, and two had a right spontaneous pneumo- 
thorax first, and later a left pneumothorax. Four patients had subcutaneous 
emphj’sema. 

Course: The patients who developed tuberculous spontaneous pneumothorax 
usually were at least moderately ill vith their pulmonai^’’ disease. The sudden 
onset of a spontaneous pneumothorax, with or without fluid, added to the pa- 
tient’s respiratory embarrassment and toxemia. Fever and tachycardia were 
common. Secondarj' infection of the pleural fluid occurred occasionally, pre- 
sumably through a bronchopleural fistula produced by the tear of the \isceral 
pleura. The pleural fluid w’as serous at first, but soon became more cloudy and 
thicker and of liigher specific gravity. Examination of the pleural fluid often 
revealed acid-fast bacilli (10 of 16 cultures, or 63 per cent) . Despite the purulent 
character of the fluid, how’ever, other p3’-ogens were seldom found (tw’O of 14 
patients Avhose fluid w'as cultured). 

The ages of the 40 patients studied varied from 19 to 70 j^ears. Eleven (28 
per cent) of the 40 patients died while in the hospital. Death W'as caused b.y 
both the patient’s pulmonaty disease and his tuberculous spontaneous pneumo- 
thorax. The ultimate mortality rate was probably lugher. This cannot be 
definite^ stated since most of these patients were transferred to other tuberculous 
sanatoriums for further prolonged care. 

DISCUSSION 

Pathogensis: Spontaneous pneumothorax in pulmonaiy tuberculosis is usuallj’" 
secondary to subpleural caseation with erosion and rupture of the visceral pleura. 
The site of rupture maj^ be anjw\’hei'e along the visceral pleura, probabty most 
often in the upper one-third, particular^ the anterior and lateral aspect. Air 
enters the pleural space and the lung on that side collapses. 

According to the literature, subcutaneous emphj’-sema is apparentlj' an uncom- 
mon finding. Bloomberg and LaTow'sky (3) reported a case of a 41 .year old 
male \vith pulmonary tuberculosis w'ho had a spontaneous pneumothorax, wutli 
subcutaneous emphysema and cerebral air embolism. Hurrell (4) reported a 
26 year old male with extensive bilateral pulmonarj^ tuberculosis who developed 
a left spontaneous hemopneumothorax with subcutaneous cmphj’sema of the 
tissues of the upper half of the chest. 

As 4 patients in the present series had subcutaneous emphj’-sema, this com- 
plication is apparent^ more common than is supposed. A possible mechanism 
is a sudden tear of the parietal pleura as the result of the rush of air into the 
pleural space and sudden stretching of an adhesion anchored to the parietal 
pleura. If of sufficient force to tear the parietal pleura, the free air in the 
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pleural space dissects through the parietal pleural tear into the thoracic wall 
and subcutaneous tissue. 

Diagnosis: The diagnosis of spontaneous pneumothorax is simple if borne in 
mind. Sudden chest pain, often Ruth dyspnea, ’plus the physical findings of 
pneumothorax as previously noted, indicate the correct diagnosis. The chest 
roentgenogram is helpful in verifying the degree of collapse, presence of pleural 
adhesions, and the presence and amount of pleural fluid. If the tear of the 
\'isceral pleura is slight, the amount of free air in the pleural space ma,j be small 
and the patient may have no symptoms. In such instances the diagnosis^of 

TABLE 1 


Contrast of Tuierculous Spontaneous Pneumothorax and Benign Idiopathic 
Spontaneous Pneumothorax 



TtrBERCULQUS SPONTANEOUS 
PNEUMOTHORAX (40 CASES) 

1 

BENIGN IDIOPATHIC SPONTANEOUS 
PNEUMOTHORAX (85 CASES)* 

Pulmonary infiltration on 

100 per cent 

0 per cent 

chest roentgenogram 



Pleural adhesions 

92 per cent 

0 per cent 

Pleural fluid above level 
of diaphragm 

57 per cent 

! 

5 per cent (4 patients had 
grossly bloody fluid). 

Immediate hospital mor- 

28 per cent 

0 per cent 

tality rate 



Clinically ill 

Almost always. 

Not usually, and only very 
briefly (1 to 2 days). 

Pever present 

Commonly, usually pro- 
longed, and level may be 
higher (above 100°). 

If present, for only a few days, 
never more than seven days, 
and low grade (99° to 100°). 

After-care required 

Continued bed rest and treat- 
ment of pulmonary tuber- 
culosis. 

None. Patient can return to 
full activity after collapsed 
lung has re-expanded. 


* Am. J. M. Sc., April 1948, SIS, 427. 


spontaneous pneumothorax can be made only by means of a routine chest 
roentgenogram. 

Contrast with benign spontaneous pneumothorax: This stud}'’ revealed findings 
in sharp contrast to a previous review of 85 cases of benign idiopathic spontane- 
ous pneumothorax. In the latter group, pleural adhesions were not demon- 
strable on the chest film, only 5 per cent had fluid above the diaphi-agm (grossly 
bloody in each case), uncomplicated expansion was the rule, the mortality rate 
was zero, and the chest roentgenogram revealed no evidence of pulmonary 
infiltration. In general, the patient wdth benign spontaneous pneumothorax 
was not ill after the initial chest pain and dyspnea. Fever, if present at all, 
lasted only one or two days. After re-ex-pansion, the patient with benign 

spontaneous pneumothorax could return to full activity and was completely 
well. 

Treatment: Treatment of spontaneous pneumothorax in the presence of 
pulmonarj' tuberculosis depends on the appreciation of the pathological mech- 
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3. The onset of spontaneous pneumothorax did not seem to be related to 
effort. 

4. Tliirty-seven of the 40 patients had pleural adhesions demonstrable on 
the chest roentgenogram. 

5. Twenty-three patients had pleural fluid above the level of the diaphragm. 

6. Four patients had subcutaneous emphj^sema, a finding previously noted 
onl}’- rarely. 

7. The immediate hospital case mortality rate was 28 per cent. The total 
case mortality rate is probably higher as two-thirds of the patients were trans- 
ferred to other sanatoriums for further care and hence prolonged follow-up 
observation was not possible. 

8. The proper choice of treatment of tuberculous spontaneous pneumothorax 
depends upon a number of variables, such as the presence or absence of pleural 
fluid or tension pneumothorax. 

SXBLA.RIO Y CONCLUSIONES 

Newnolorax Espontdneo TuhercvHoso 

1. Este estudio abarcb las historias clinicas de tuberculosos pulmonares que 
manifestaron neumotdrax espontdneo. 

2. Observdse que los sujetos se hallaban casi siempre cllnicamente enfermos 
con tuberculosis pulmonar activa al presentarse el neumotdrax. 

3. La iniciacidn del neumotdrax espontdneo no guardaba al parecer relacidn 
con el esfuerzo. 

4. Treinta y siete de los 40 enfermos tenfan adherencias pleurales observables 
en las radiografias toracicas. 

5. Veintitrds enfermos tenlan derrames pleurales mas arriba del nivel del dia- 
fragma. 

6. Cuatro enfermos tenian enfisema subcutaneo, hallazgo este raramente ob- 
seiY’ado antes de ahora. 

7. La morboletalidad hospitalaria inmediata representd 28 por ciento, pero la 
total es probablemente mayor, dado que dos terceras partes de los enfermos 
fueron trasladados a otros sanatorios para asistencia ulterior, lo cual impidid 
prolongar la obsenmcion subsiguiente. 

8. La eleccidn del tratamiento mas apropiado para el neumotdrax espontdneo 
tuberculoso depende de varies factores, tales como la presencia o ausencia de 
derrame pleural o de neumotdrax de tensidn. 
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obtained on all the patients. In addition, liver function tests were obtained in 
one patient at weekly intervals. 

Case Reports 

Case 1 ; (E. D.), a 31 year old white female, with a history of a tuberculous infiltrate in the 
left upper lobe since iotS, was admitted to the Montefiore Country Sanatorium on March 2, 
1948. Three months prior to entry she gave birth to a normal living child. Review of her 
serial roentgenograms revealed slight I'cgressivc changes during 1946 and 1947, and hei 
sputum had been negative for tubercle bacilli for nine months. Nevertheless, it was ap- 



Fig. 1. (E. D.) (Left) September 15, 1948. Recent exudative lesion of the left upper 
lobe before institution of aureomycin therapy. 

Fig. 2. (E. D.) (Right) December 6, 1948. Increase in infiltration in left upper lobe 
after ten weeks of aureomycin therap}". 

parent from her admission roentgenogram that she would probably require active therapy 
as the lesion appeared “soft” and contained radiolucencies suggesting breakdown!. The 
patient was observed on bed rest for four months without any apparent change on repeated 
roentgenographic examinations, tier temperature w'as normal and sputum smears and 
cultures were negative for tubercle bacilli. In August, 1948 there w'as an increase in cough 
and sputum and a wheeze was heard over the left upper lobe. The sputum revealed tubercle 
bacilli on smears, and roentgenographic examination (figure 1) showmd extensive exudative 
progression of the lesion in the left upper lobe. Bronchoscopic examination revealed acute 
inflammation at the orifice of the left upper lobe bronchus but no ulceration or granulation. 
Aureom 5 -cin in sixth molar sodium lactate was started intravenously on September 16, 
1948. The dose was gradually increased from 300 to 600 mg. twdee daily for eight da 3 ’S, at 
which time the intravenous route of administration was discontinued because of a low grade 
phlebitis at the sites of injection. Nausea and some drowsiness occurred during intra- 
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peripheral blood. The temperature was normal throughout the period of therapy. There 
was some reduction in cough and a decrease in sputum from 15 Gm. to 2 Gm. daily. Never- 
theless, the sputum remained positive for tubercle bacilli on direct smear. Serial roent- 
genograms of the lungs revealed only slight hardening of the peripheral portions of the 
lesion during the first seventy-five days of treatment. During the third month of tlierap}^ a 
wheeze reappeared over the left upper lobe and the roentgenogram of December 16, 19-18 
(figure 2) showed an increase in the exudative infiltration in the left upper lobe. Bron- 
choscopy performed on December 16, 1948 revealed for the first time the presence of granula- 
tion tissue at the orifice of the left upper lobe bronchus. 

The patient had received a total of 300 Gm. of aureomycin over a period of 
ninety-four days. Because of the failure to respond to aureomycin and the pro- 
gression of the disease, the patient was started on a short course of streptomycin 
preliminary to the induction of a left artificial pneumothorax. 

Case 2: (D. B.), a 26 year old Negro female, was admitted to Montefiore Hospital on Oc- 
tober 8, 1948 with a history of cough, fever, weakness and weight loss of two months’ dura- 
tion, and a single hemoptysis two weeks prior to admission. This patient’s course is illus- 
trated in figure 3. On entry the patient had a temperature of 102° F. Dullness, 
bronchovesicular breath sounds, and rales were heard on examination over the right upper 
lobe and at the right base. The sputum was positive for tubercle bacilli on direct smear. 
The erythrocyte sedimentation rate was 90 mm. in one hour (Westergren method) and the 
blood leukocyte count was 15,750 with a shift to the left. A chest roentgenogram obtained 
October 11, 1948 (figure 4) showed an extensive pneumonic lesion of the right upper lobe 
with bronchogenic spread to the right lower lobe. The patient received aureomj'cin by 
mouth every four hours from the seventh to the fortieth day of treatment, in doses ranging 
from 1.5 to 4.0 Gm. a day. A total of 72 Gm. of aureomycin was emploj'ed over a period of 
thirty-four days. Some nausea, vomiting, and diarrhea were noted when the larger doses 
were administered and the patient lost several pounds in weight. Slight resorptive changes 
were noted on the chest roentgenogram (figure 5) but the spiking temperature continued 
and the sputum remained positive for tubercle bacilli on direct smear. Streptomycin 1.0 
Gm. a d.ay was substituted for the aureomycin on the forty-second day of treatment. The 
effect was promptly apparent in the temperature curve as indicated in figure 3. The tem- 
perature returned to normal within several days. Serial roentgenograms showed some 
clearing of the lesion within fourteen days after streptomycin was started. The patient 
soon developed a sense of well-being and gained weight. Right artificial pneumothorax 
was induced on the sixty-third day of t reatment. 

Case S: (B. H.), a 30 year old Negro female, was admitted to the Montefiore Hospital on 
September 13, 1948 with a history of weakness, fever, and weightless of four weeks’ duration. 
At the time of admission the patient ’s temperature was elevated to 105°F. and she aijpcared 
acutely ill. Signs of consolidation over the entire right lung were elicited on physical 
examination. The sputum w.as positive for tubercle bacilli on direct smear; the erythro- 
cyte sediment at ion rate was S3 mm. in one hour (Westergren method); there was a moderate 
microcytic normochromic anemia; and the blood leukocyte count was elevated to 13,450 
with a .shift to the left. A roentgenogram of the chest (figure G) showed consolidation of 
the right upper lobe with an extensive exudative infiltration of the right middle and right 
lower lobes. Intravenous aureomycin in sixth molar sodium lactate, in gradually increas- 
ing doses from 300 to 1,000 mg., was adminislored from the firet to the sixteenth d.ay of 
treatment . This was discontinued because of a low grade phlebitis at the sites of injection 
and oral admini.stration of the drug was substituted. During intravenous therapy, drowsi- 
ness and some confusion were noted for a brief period. The drowsiness disappeared when 
uitiavenous therapy was stopped. The patient then received 4.0 Gm. of aureomycin orally 
per day in 6 doses from the seventeenth to the forty-third days and 2.0 Gm. a tlay from the 
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and the amount of sputum decreased; the erythrocyte sedimentation rate dropped from 88 
mm. to 33 mm. in one hour; and the temperature decreased temporarily but again rose to 
105°F. by the time the drug was discontinued. While the patient was receiving aureomycin, 
progressive excavation occui’red in the right lung (figure 7) and the sputum remained posi- 
tive for tubercle bacilli. During this period spontaneous right diaphragmatic paralysis 
appeared, probably due to involvement of the phrenic nerve in the thorax by tuberculous 
mediastinal nodes. Streptomycin 1.0 Gm. per day was substituted for aureomycin on the 
sixty-sixth day of treatment with prompt decrease in fever and improvement in the pa- 
tient’s general condition (figure 8). 

Additional Studies 

The tubercle bacilli recovered from the sputum of patient E. D. prior to_ treat- 
ment were tested for in vitro sensitivity to aureomycin. Primary isolation of 
the bacilli on Petragnani’s medium was followed by subculture on Dubos’ liquid 
Tween-albumin medium (18). From a diffusely, actively growing 11 day old 
culture, 0.1 cc. inocula were put into a series of tubes of Dubos’ Tween-albumin 
medium which contained various concentrations of aureomycin. The tubes were 
incubated for nineteen days. Groudh of the organisms was found to be in- 
hibited by concentrations of 10 and 100 y of aureomycin per cc. No inliibition 
after the first five daj'^s was observed in tubes containing one y of aureomycin 
per cc. 

Bio-assaj's^ of the serum of this same patient for aureomycin revealed the 
presence of the drug in concentrations up to 8.0 y per cc. two hours after an 
intravenous dose of 400 mg. and 1.6 -y three hours after an oral dose of 500 mg. 
These were the highest concentrations obtained. In patient B. H. (case 3) a 
concentration of 4.0 y per cc. of serum was obtained four hours after an oral dose 
of 700 mg. of aureomycin. 


COMMENT 


The difficulties in the evaluation of the effectiveness of new therapeutic agents 
in patients wth pulmonary tuberculosis are well Imown. In order to preclude 
some of these difficulties in this study, patients were selected with pneumonic 
involvement, elevated temperature, and evidences of acute illness of apparentlj' 
recent onset, or ■with definitely dated recent spread. One patient (D. B.) showed 
minimal regression radiographicall}'’ and another (B. H.) showed progressive 
excavation during aureomycin therapy. In these 2 patients the high fever per- 
sisted and the decrease in the severity of the illness was not disproportionate to 
what might be expected from bed rest alone. The prompt and striking improve- 
ment in these patients when streptomycin was used illustrated that the disease 
could be effectivelj’’ treated by an antibiotic. In patient E. D. therapy was di- 
rected against a new exudative infiltrate and an early bronchial lesion. Pro- 
gression of both the parenchymal and the bronchial disease was demonstrated 
during the patient’s third month on aureomycin treatment. With streptomycin 
this is an extremely rare occurrence unless dimg-fastness has developed. 

The toxic manifestations of aureomycin when given orally for a prolonged 


’ Bio-nssajT? were performed by Mr. A. C. Dornbush of the Ledcrle Laboratories, usine 
10 tube dilution method and a strain of B. ccrcus known as Bacillus No. 5 (3). 
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ules or other types of lesions were eliminated. It is felt that the cavity cases 
would be more likely to infect contacts. 

Examinations of the sputum for coccidioidal spherules prior to the return of 
the veterans to their families were reported negative in 3 of the cavity cases. No 
record of the sputum findings is obtainable in the remaining 3 cavity cases. 

Coccidioidal spherules are not readily recovered from sputum in cases of 
pulmonary coccidioidomj’’cosis. In 225 cases studied by C. E. Smith® the fungus 

TABLE 1 


Results of Study of Contacts of Cases of Cavitary Coccidioidomycosis 


CASB5 

TYPE OP DISEASE 

co>rrACT 

DOTATION 

or 

CONTACT 


CHEST ROENTGEN- 
OGRAVE OF CONTACT 




months 



Case 1 

Coccidioidal 

Wife — Age 25 

30 

Negative 

Negative 


cavity 

Brother — Age 23 

30 

Negative 

Negative 

Case 2 

Coccidioidal 

cavity 

Wife — Age 21 

24 

Negative 

Negative 

Case 3 

Disseminated 
coccidioido- 
mycosis 
(skin, lung) 

Wife — Age 27 

6 

Negative 

Not done 

Case 4 

Coccidioidal 

Sister— Age 34 

32 

Negative 

Not done 


cavity 

Brother in-law — Age 39 
Nephew — Age 3 

32 

32 

Negative 

Negative 

Not done 
Not done 

Case 5 

Coccidioidal 

Wife — Age 29 

41 

Negative 

Negative 


cavity 

Son — Age 3 

Daughter — Age 4 

41 

41 

Negative 

Negative 

Negative 

Negative 

Case 6 

Coccidioidal 

cavity 

Wife— Age 23 

60 

Negative 

Negative 

Case 7 

Coccidioidal 

cavity 

Daughter — Age 2§ 

24 

Negative 

Negative 


was recovered from only 42 per cent of the cases. These cases were studied in 
the early stages of infection when the fungus can more readily be demonstrated. 

In addition to the cavity cases, a contact to a case of disseminated disease was 
studied. For obvious reasons, only contacts who had never been in the coccidioi- 
domycosis endemic area were selected for study. All contacts received an intra- 
dermal skin test using 0.1 cc. of 1:100 dilution of potent coccidioidin obtained 

from Dr, C. E. Smith of Stanford University and, where possible, a roentgen film 
of the chest. 


’Smith, c. 
(“San Joaquin 


E.: Epidemiology of acute coccidioidomycosis with erythema nodosum 
” or “Valley Fever”), Am. J, Pub. Health, 1940, SO, 600. 
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ovcrcrnplicisizGcl. Siicli IcsionSj if not cnrofiilly invcstigRtGcl imd studiGdj nmy 
lead to an erroneous diagnosis of tuberculosis. Such a case is described below. 

CASE REPORT 

A twenty six j'ear old white male veteran was admitted to the Tuberculosis Section, 
Veterans Administration Hospital, Fort Logan, Colorado, on July 24, 1947 with a diagnosis 
of active minimal pulmonary tuberculosis. 

In October, 1946 the patient sought employment with a large corporation in Dayton, 
Ohio. A routine pre-employment chest film revealed bilateral upper lobe disease, minimal 
in extent. He was told that he had tuberculosis and that he should seek hospitalization. 
This advice was ignored, and in June, 1947, the patient prepared to enter a university. 
Routine stereoscopic photofluorograms again revealed pulmonary disease and hospitali- 
zation was advised. 

On admission to the hospital, no symptoms referable to the respiratory system were 
elicited. The past history included pertussis, followed by a moderately severe episode of 
pneumonia at the age of S. Scarlet fever, without sequelae, occurred at the age of 23. 
System review was entirely negative. 

The patient’s geographical histoiy was as follows: He was born in Springfield, Ohio, 
where he remained until the age of 12. He lived in Cincinnati, Ohio, from the age of 12 to 
24. He lived in Dayton, Ohio, for one j'ear and then entered the Navy in 1943. He spent 
four months at Great Lakes, Illinois, four months in Gulfport, Mississippi, nine months 
in Chicago, Illinois, two months in New York City, eight months on duty in the Atlantie 
and Caribbean waters, one month in San Diego, California, and eight months in the Pacific 
and Hawaiian waters. He was separated from the Service in Chicago, Illinois, in April, 
1946. Since that date, he has spent one year in Dayton, Ohio, and five months in Colorado. 

Physical examination revealed the folloAving: height, S'SJ"; average weight, 150 pounds; 
present weight, 150 pounds; and temperature, 9S.6°F. The patient was a well developed 
and well nourished white male who did not appear to be acutely or chronically ill. He was 
not dyspneic, cyanotic, or jaundiced. Examination of the head and neck revealed no ab- 
normalities. The pupils wore equal and regular and reacted to light and accommodation. 
The sclerae and conjunctivae were normal. External occular movements were normal. 
Funduscopic examination revealed no abnormalities. Ear, nose, and throat examination 
was normal. The gag reflex was present and the teeth were in good repair. Examination 
of the chest showed a normal thoracic cage. Respiratory movements were equal and sym- 
metrical. The lungs were clear; no rales were noted. The heart was not enlarged. The 
cardiac rhythm was regular and no murmurs were detected. The pulse was SO per minute 
and the blood pressure in mm. of mercury was 120 systolic and 78 diastolic. The abdomen 
was soft and no masses were palpable. The liver, spleen, and kidnej's were not clinically 
enlarged. The genitals were normal. Rectal examination revealed no abnormalities. 
The prostate was normal in size, shape, and consistency. Neurological examination was 
grossly normal. No lymphadenopathy was noted. 

Laboratoiy data were as follows: RBC 5.64 million, hemoglobin 15 Gm., WBC 10,300, 
neutrophils 57, Ijmiphocytes 39, monocytes 3, eosinophils 1 . The erythrocyte sedimentation 
rate was 4 mm. per hour (Wintrobe). A blood Kahn test for syphilis was negative. Uri- 
nalysis was normal. 

The following skin tests were performed' 

July 30, 1947: 

Second strength tuberculin, 0.005 mg. Negative reaction (purified protein derivative) 
Coccidioidin, 1:100 Doubtful reaction 
Histoplasmin, 1:100 2-f reaction 
September 1, 1947: 

Old Tuberculin, 0.1 mg. Negative reaction 
September 5, 1947 : 
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at Fort Logan revealed that a definite degree of absorption had occurred in the right upper 
lobe lesion in the nine month interval between the two sets of films. Not only had this 
density become smaller, but it had also assumed a more productive character. The same 
was true, to a less extent, of the left-sided lesion (figures 2a and 2b). In view of these 
changes, it was considered that the lesions certainly were active in October, 1946 and had 


1 



Fig, lb. (Upper) Enlargement of lesion in right first anterior interspace revealing its 
soft character. 

Fig. 2b. (Lower) Enlargement of lesion in right first anterior interspace. The nodular 
character of the disease is well visualized. 


regressed at the time of admission. Subsequent serial chest films taken at monthly in- 
tervals up to December , 1947 have revealed no change in the extent of the disease but the 
esion in the right first anterior interspace appears to have become even harder and more 
nbrotic in character. 

The patient’s hospital course was entirely uneventful . He was asymptomatic and 
a ebrile throughout. He was placed on strict bed rest on the assumption that his disease 
vas tuberculous in origin. As soon as subsequent studies revealed that such a diagnosis 
V as untenable, however , this rigid regimen was abandoned. 
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Because of the doubtful coccidioidin skin reaction, coccidioidal serological studies were 
performed on October 27, 1947. Both the precipitin and complement fixation tests were 
entirely negative. In November, 1947 histoplasniin and blastomycin serological studies 
were also performed. The histoplasmin complement fixation test was negative and the 
blastomj’^cin complement fixation reaction was so slight as to be called negative. 

COMMENT 

This case meets the three criteria established by FurcolotA% ct al. (7) for possible 
subclinical cases of histoplasmosis: (1) the indiAodiial has skin sensitithty to histo- 
plasmin but not to tuberculin; (B) the lesion must persist at least ttvo months; 
and (S) laboratory and clinical examinations exclude the presence of tuberculosis 
and other conditions such as sarcoidosis or Hodgkin’s disease. 

The failure to isolate tubercle bacilli on repeated attempts, coupled with the 
persistent tuberculin anerg}’’ in the presence of an actwe lesion (admittedly regres- 
sh'-e), make it difficult to label this patient’s pulmonary disease as tuberculosis. 
Houck (10) in an editorial comment emphasized the recent concept that histo- 
plasmosis, instead of being a rare and fatal disease, maj’- be a common and benign 
infection occurring in a large part of the population of some areas in the Middle 
West. He stressed the importance of considering the patient’s histor 3 ' of resi- 
dence in endemic areas and the use of appropriate skin tests in the ini’-estigation 
of pulmonaiy lesions. The reaction to histoplasmin and the long period of resi- 
dence in Avhat maj’- be termed an endemic area (Ohio) lend support to the belief 
that this case may represent such a benign type of histoplasmosis as is postulated 
b}’’ Houck. 

As noted aboA'-e, the histoplasmin complement fixation test on this patient’s 
serum was negative. The exact significance of this pi-ocedure as a diagnostic 
measure remains undetermined. The studies of Furcolow and his associates at 
Kansas City are expected to shed some light on this question. It may be stated 
Avith some degree of confidence, howeA-er, that negative serological studies do not 
necessarity eliminate histoplasma as the etiological agent. Some support for tliis 
statement maj'- be obtained from the experience with serological studies in coc- 
cidioidal infections. In quiescent coccidioidal lesions (with normal erythroc.A'te 
sedimentation rates), the complement fi.xation tests are usualK negative (1). 
If these findings maj" be transferred to the field of histoplasmotic infections, sero- 
logical studies in the regressive lesions, as illustrated bi' this case, Avould also be 
■expected to yield negative results. 

The question of the further management of such a case merits some discussion. 
There can be little argument with the Anew that during the period of investigation 
the case should be treated as one of tuberculosis. The A*alue of strict bed rest in 
minimal tuberculosis has been adequate^ demonstrated by Amberson (11), and 
such a regimen should be immediate^ instituted. IIoAvever, Avhen the diagnosis 
of tuberculosis is shoAvn to be in error by the negative results of skin tests and the 
failure to obtain tubercle bacilli in sputum and gastric Avashings by culture and/or 
guinea pig inoculation, it Avould appear that such a rigid therapeutic schedule is 
no longer required. xUlmittedh’-, the entire picture of the entity “benign histo- 
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plasmosis” has not yet been observed and, accordingl}'-, definitive state- 
ments regarding therapj' cannot be made. The supposition that these cases 
require little or no treatment has no basis in fact, however, and conceivably could 
lead to serious harm. The tendencj'’ following the exclusion of tuberculosis as a 
diagnosis is to allow the patient unrestricted activity. This conclusion is natur- 
ally drawn from the investigations emphasizing the close correlation between 
histoplasmin sensitivity and pulmonary calcification (2, 3, 4 and 5). The in- 
nocuousness of “benign histoplasmosis” has been emphasized b}'- Houck (10). 
The excellent observations, however, of Sontag and Allen (8) on 170 normal 
southwestern Ohio children sounds a note of caution. While none of their histo- 
plasmin-positive children Avho exhibited pulmonaiy lesions presented symptoms 
comparable to those seen in cases of proved histoplasmosis, the serial growth data 
and illness histories of these children strongly suggest that the growth progress 
and health pattern maj'’ be significantlj’’ different from the negative histoplasmin 
reactors. In the light of these observations, it would appear that at the very 
least these patients should be closelj'' observed and followed with serial clinical 
laboratory and roentgenographic studies. 


SUMMARY 

A case of pulmonaiy infiltration with tuberculin anerg}’- and histoplasmin sensi- 
tivity is reported. The possibility of such a ease representing an instance of 
“benign histoplasmosis” is discussed. The danger of confusing such cases with 
tuberculosis is emphasized and the broad aspects of management of such a case 
are reviewed. 


SUMARIO 

Infiliracidn Pulmonar Asociada a Se7isibilidad a la Hisioplasiynna 

Comunicase un case de infiltracidn pulmonar con anergia tuberculinica y 
sensibilidad a la histoplasmina, discutifodose la posibilidad de que represente un 
caso de “histoplasmosis benigna.” Recalcase el peligro que entrana la confusion 
de esos casos con tuberculosis y repasase, a grandes trazos, la asistencia de los 
mismos. 
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A CORRELATED STUDY OF TUBERCULIN, HISTOPLASMIN AND 
COCCIDIOIDIN SENSITIVITIES WITH PULMONARY CAL- 
CIFICATIONS IN THE ROCKY MOUNTAIN AREA^ ^ 

W. K. ABSHER and F. CLINE, JR. 

(Received for publication November 22, 1948) 

INTRODUCTION 

During and since the years of World War II, rather extensive investigative 
studies have been undertaken concerning the etiologic factors responsible for 
multiple pulmonary calcifications. The results have cast doubt upon the earlier 
concept that all multiple lung and hilar calcifications are tuberculous in origin. 
It now appears that fungus infections maj’’ play a significant role in the produc- 
tion of these calcifications and a considerable number of cases have been shown 
to be associated vdth histoplasmin skin sensitivity. The chronological develop- 
ment of this subject has been thoroughly reviewed during the past few years by 
several authors (1, 2, 3, 11, 12) and its repetition seems hardly necessary at this 
time. 

One of the most significant contributions has been that of Sontag and Allen 
(13) in their study of Ohio school children. These observers noted the presence 
of soft precalcific infiltrates in histoplasmin reactors and found the characteristics 
of these infiltrates to be similar in every detail to those of tuberculous lesions. 

It follows then that physicians should be keenly cognizant of these observa- 
tions lest they err in their evaluation of such pulmonaiy lesions. These implica- 
tions are especially important todaj'' with the mass roentgenographic screening 
of population groups, projects which will undoubtedly uncover increasing num- 
bers of nontuberculous lesions. 

The above studies suggest that a condition such as nonfatal Histoplasma cap- 
sulatum infection may exist; however, all investigators sti’ess the fact that this 
entity occurs onty in a relatively small endemic section of the country, namety, 
the East Central States. Ferebee (5) has recently commented that in some geo- 
graphic areas such as Colorado it is rare to find a native who reacts to histoplas- 
min. Therefore, on first thought it would appear that the problem is of no prac- 
tical concern to the physician of the Rocky Mountain Area. The fallacj'- of such 
thinking, however, was quickty and forcibly illustrated to the writers when the}’’ 
were confronted with a case (16) diagnosed roentgenographically as active mini- 
nal pulmonary tuberculosis. 

Briefly, this patient came from DajAon, Ohio (in the endemic area). His skin 
reactions were repeatedly negative to purified proteid derivative (PPD), 0.0005 

* From the Tuberculosis Section, Medical and Radiological Services, Veterans Admin- 
istration Hospital, Fort Logan, Colorado. 

= Published with permission of the Chief Medical Director, Department of Medicine 
and Surgery, Veterans Administration, who assumes no responsibility for the opinions ex- 
pressed or conclusions drawn by the author. 
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one with positive reactions to all three antigens (T+ H+ C+). In other words, 
as far as this study is concerned, neither tuberculosis nor histoplasmosis has 
played a dominant role in the production of pulmonary calcifications. 

Of this group of 1,000 cases, only 322 could be classified as native Coloradians; 
that is, they had spent five-sixths of their lives within the state of Colorado (Pal- 
mer’s criterion (10) in his original geographic survey). The significant feature 
is that 40 (12.4 per cent) of these so classified natives reacted to histoplasmin. 
This is considerably lower than the figure for the group as a whole, which was 

TABLE 1 


Positive Reactions to Antigens in Survey of 1,000 Subjects 



NUMBER or POSITIVE 
REACTORS 

PER CENT POSITIVE 

Tuberculin (0.0005 mg. PPD) 

55S 

55.8 

Histoplasmin 1 : 100 

226 

22.6 

Coccidioidin 1:100 

65 

6.5 



TABLE 2 

Results of Skin Tests in 1,000 Subjects 



NUMBER OF CASES 

1 PER CENT OP cases 

1 

T-P H- C- 

404 

40.4 

T- H- C- 

348 

34.8 

T-p H-P C- 

110 

11.0 

T- H-P C- 

73 

7.3 

T-P H-P C+ 

30 

3.0 

T-PH- C+ 

14 

1.4 

T- H-P C-P 

13 

1.3 

T- H- C-P 

8 

.8 


T = Purified Protein Derivative, 0.0005 mg. 
H = Histoplasmin, 1:100. 

C = Coccidioidin, 1:100. 


22.6 per cent, but is much higher than Palmer’s (10) original figure of less than 
1 per cent for Colorado nurses. A more detailed study of the geographic history of 
these 40 individuals in the present series, hoivever, revealed that 27 had lived for one 
or more years within the endemic area of the East Central states. Thus their 
reaction to histoplasmin could possibi5'' be accounted for bj'- residence in other 
states and onty 13 (4 per cent) remained unexplained on a geographic basis. 

DISCUSSION 

This roentgenographic and sldn testing survey of 1,000 cases has served to con- 
firm fullj'^ the previous findings of the U. S. Public Health Service investigators 
(1) 5, 6, 7, 8, 10), namely, that the Rocky Mountain region is not an endemic 
area for the so-called benign type of histoplasmosis. Nevertheless, the large 
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An additional ohsorvution in lids series was that hilar cahaliraliona, i)arcnchy- 
mal calcilioalions (less than 10), or cotnhinalions of Ihc two, oeourrod in 2-1 indi- 
viduals who did not mutt to any of the throe antigens. Long (9) has observed 
that, of 2,-190 eases, 11 per eent lost their sensitivity to tuberculin during a ten 
year period. Thus there exists the possibility that sensitivity to hi.stoi)lasndn 
and eoceidioiilin may behave in a sindlar manner. l-Ivahmtion of these 2-1 non- 
reaetors who rcvealeil evidence of previous ])ulmonary disease is ditncidt. It. 
would appear to be the consensus of oi)inion that, fi’om a diagnostic viewpoint at 
least, a negative tuberculin test rules out the existence of tuberculosis. Wood- 
rutr (15) has stated, patient anergic to tuberculin, who is not acutely ill, 
almost certainly does not have clinical t\iberculosis.” Sweany (1-1) has re- 
marked, “The ab.«cnce of tubmadous disea.^e is almost certain in uncomplicated 
cases negative to 1 : 1,000 dilution of O'J'.” 

Physical examination of these 2-1 nonreactors revealed no evidence of other 
diseases, conditions, or metabolic di.'-^turbance.s which, ai;cording to Riley (12), 
arc also capable of producing imlmonic calcilications. 

\Yith these facts at hand, it would .seem that .<erious consideration should be 
given to the possibility that there exists yet another \inrocognized eatisative 
agent or factor capable of producing hilar and/or i)aronchymal calcifications. 

SU.M.MAUY 

1. A roentgenographic and .skin testing survey of 1,000 cases from the Rockj’^ 
Mountain Area relative to the i)rol)lem of multiple j)ulmonary calcifications has 
been reported. 

2. The suiTcy revealed that -104 (-lO.-l per cent) of the individuals tested 
reacted to tuberculin alone and, of these, 14 showed multiple pulmonarj' calcifi- 
cations; 73 (7.3 per cent) reacted to histoplasmin alone, of whom S showed mul- 
tiple pulmonary calcifications; 1 10 (1 1 per cent) reacted to both histoplasmin and 
tuberculin, and in this group 1(3 showed multiple jjulmonary calcifications. 

3. Twenty-four cases of hilar and/or i)arcnchymal calcifications were noted in 
individuals reacting negativelj'^ to all antigens. 

4. Observations in the survey confirm the findings of the U. S. Public Health 
Service investigatore, namelj’-, that the Rocky Mountain Area is not endemic for 
the so-called benign histoplasmosis. 

5. In this scries, no diagnostic pattern or distribution of pulmonary calcifica- 
tions was noted in either tuberculin-jjositive or histoplasmin-positive individuals. 

6. The fact that “halo” type pulmonar}’- calcifications are not limited to histo- 
plasmin-sensitive individuals Avas noted. 

SUMARIO 

Eshidio Correlah'vo de las Sensibilidadcs a la Tahcrculina, la Hisloplasmina y la 
Coccidiotdina con las Calcificacioncs Pidmotiares en la Region 
de las Montanas Rocosas 

1. Este estudio radiografico y cutirreactor comprendid 1,000 personas de la 
Zona de las Montanas Rocosas con respecto al problema de las calcificacioncs 
pulmonares multiples. 
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nosed. They conclude that tuberculous pericarditis is a rare complication of 
tuberculosis and carries a grave prognosis. 

Keefer (2) subdivided his cases into the following groups: 

( 1 ) iiatieiits with symptoms and signs of a wasting disease and obscure fever; 

( 2 ) patients with syinjitoms and signs suggesting congestive heart failure; 

(S) patients with symptoms and signs of multiple serous membrane tuberculosis; 

(4) patients with symptoms and signs of massive pericardial effusion; and 

(5) patients with symptoms and signs of miliary tuberculosis. 

The course of the disease runs in three stages (10): sero fibrinous exudate; peri- 
cardial thickening and effusion; and the development of extensive adhesions 
confining the expansion of the heart. The ai^erage duration of the disease from 
the onset of symptoms until termination was three months (two to four months 
in Keefer’s series (2) and three and seven-tenths months in Harvey and White- 
hall’s (3) series). 

The poor prognosis in the older patient, s is associated with the inability of the 
cardiovascular system to cope with its added burden, while in the younger cases 
the frequenev of development of other serious t.uberculous lesions is responsible 
(3). 

Especially in young people, tuberculous pericarditis with effusion must be 
differentiated from rheumatic pericarditis ivith effusion. Bellct c( al. (12) noted 
the importance of finding the tubercle bacillus in the pericardial fluid, the ab- 
sence of cardiac murmurs, and the demonstration of a small heart after the pro- 
duction of a pneumopericardium. 

The following case is rejiorted as it represents an apparently complete recovery 
from tuberculous pericarditis with effusion. 

CASE REPORT 

W. Isl., iin IS year old white male, w.as admitted to the Swedish Hospital fservice of the 
late Dr. James Pullman) on August 4, 1936 complaining of pain in the chest and left 
shoulder, fever, and sweating. 

In March, 1936 the patient had had a right pleural clTusion. He was in bed for three 
weeks during which time his chest w.as tapped by one of us (J. A, C.) and about 2,000 cc. 
of fluid removed. 

On July 29 the patient complained of suprasternal pain. He remained at home for the 
ne.xt two days, but on August 1 he went to the beach. The next day he complained of pain 
in the left chest which radiated to the axilla and the left shoulder. On August 4, bec.ause of 
an increase in the severity of the pain, fever, and rapid pulse he was hospitalized. Phj’’si- 
cal examination on admission to the hospital reve.aled an acutely ill young white male with 
a temper.ature of 104°F., a pulse rate of 130 and respirations of 40 per minute. On percussion 
the left anterior chest was dull from the third rib to the base. In the axilla the dullness 
merged with cardiac dullness. The breath sounds were diminished. The right chest was 
dull on percussion from the sixth rib to the base udth diminished breath sounds. Pos- 
teriorly the left chest was dull at the base with diminished breath sounds. The right chest 
was flat posteriorly with absent breath sounds. 

The loft border of the heart could not be outlined bj-^ percussion as it merged with axillary 
dullness. The cardiohepatic angle was not diminished. Over the precordium the heart 
sounds were diminished and were best heard over the fourth costochondral junction. A 
systolic murmur was present. 
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Roentgenographic examination on the day of admission revealed that the trachea was 
in the midline and the heart enlarged in both borders. A pericardial effusion was present. 
The left diaphragm and the left lung were normal. The right diaphragm was not well 
outlined. There was an effusion of the right lower pleural cavity but the right lung was 
normal. 

On admission the erythrocytes were 4,500,000 per cu. mm., the hemoglobin was 75 per 
cent of normal, the total leukocyte count was 11,700 per cu. mm. with 87 per cent neutrophils. 
Examination of the urine revealed no abnormalities. 

During the next few days the patient’s condition remained unchanged. Morphine was 
given for pain and restlessness. He became cyanotic though dyspnea was moderate. On 
August 5, a friction rub was heard over the fourth left costochrondral junction. The 
following day cyanosis was marked and there was some precordial pain. His pulse was 
irregular and of small volume. The friction rub was now heard over the entire precordium. 
There was slight venous distention, especially of the jugular veins. The dullness in the 
left axilla had diminished while the findings in the right chest were unchanged. A peri- 
cardial paracentesis was done and 225 cc. of serosanguineous fluid were removed. 

During the next five days the patient remained seriously ill with fever (104°F.), auricular 
fibrillation, venous distension, cyanosis, and dyspnea. Six hundred cc. of straw-colored 
fluid were removed from the pericardial cavitj' on August eleventh. Examination of smear 
of the fluid was negative for acid-fast bacilli. A guinea pig was inoculated with the fluid. 
On October 10 the guinea pig was opened and examined by Dr. Leo Meyer. He reported 


Fig. 1. Chest roentgenogram taken August 3, 1936. The cardiac shadow is markedly 
enlarged in all directions. It is rounded, it has lost its normal border contours and has a 
configuration characteristic of pericardial effusion. There also is an effusion in the right 
pleural space, fluid reaching up to the level of the fourth rib and axilla, separating the 
parietal and visceral pleura and extending into the interlobar fissure between the right 
lower and middle lobes. The outer third of the right diaphragm is elevated and fixed. 

Fig. 2. Roentgenogram obtained on October 7, 1944 show’s that the cardiac contour 
has decreased greatly in size. The protrusion of the right cardiac border is gone. Tno 
right cardiac contour is normal. The left cardiac border still show’s some elongation, as 
by a fixed pericardiopleural or mediastinopleural adhesive pleurisy, but the total size of 
the heart shadow’ has returned to approximatply normal. The right diaphragm remains 
elevated and fixed in its outer margin. The right parietovisceral pleura are separated and 
thickened. There also are some fibro-proliferativc changes now’ evident in the left low’er 
lung field. 

Fig. 3. Roentgenographic examination of the heart and lungs (December 1, 1947) in 
the postcro-anterior, lateral and right and left oblique projections shows the follow’ing 
findings; 

The cardiac shadow shows elongation of itsleft border in the oblique projections. There 
is an obliterative adhesive pleurisy involving the right diaphragm and the right axillary 
area. The parietovisceral pleural space in each axilla has been obliterated. The right 
diaphragm is elevated and fixed in its outer third. The left diaphragm is also partially 
fixed. There are dense basilar mediastinal pleural adhesions and there is a thickening and 
irregular calcification of the pleura postero-laterally in the low’er third of the left chest. 
The parietovisceral space in the left chest has been obliterated by thickening of the pleura. 

In view of the history of a previous tuberculous pleurisy, raediastinitis and pericarditis, 
these diffuse thickenings of the pleura probablj’ represent the obliterative end stage of a tu- 
berculous pleurisy. The calcific deposit within the pleura further bears this out. Judging 
bj the present findings, the process has involved the pleural areas in each hemi-thorax 
the mediastinal pleura and the pericardial pleura, 

piore IS no evidence of parenchymal tuberculous deposit other than an occasional small, 
wcll-calcified primary focus. 
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as shown by the complete disappearance of sjanptoms, and the cardiac silhouette 
decreased in size. Eleven months after streptomycin treatment the patient was 
still asjTnptomatic, had negative cultures, and was ambulatory at home. The 
cardiac silhouette was still slightly larger than normal. Meredith (11) reports 
the case of a Negro male aged 17 years udio was febrile and had proved tubercu- 
losis of the Ijonph nodes. A large pericardial effusion was tapped but tubercle 
bacilli were not recovered. After streptom 3 min was started (200 mg. eveiy three 
hours for 33 days) there was marked improvement. The patient became afebrile, 
gained weight, and the cardiac silhouette decreased in size. Three months after 
streptomycin therapy the patient was feeling very well, although he was still in 
a sanatorium for treatment of his pulmonary tuberculosis. 

The present report is concerned with 3 patients with tuberculous pei’icarditis 
who received streptomycin as part of their treatment. 

The first case is that of a middle aged white male physician who had an acute 
tuberculous pericardial effusion followed in a few months by chronic constrictive 
pericarditis for which he was surgicalty treated. One year later he ivas in excel- 
lent health. The other two cases are of Negro jmuths. One (case 2) made a 
clinical recovery but there persists a markedlj'' thickened, though asyTOptomatic, 
pericardium. The other patient (case 3) developed a pericardial effusion which 
later completely’’ reabsorbed without apparent significant residual except for an 
abnormal electrocardiogram. The amounts of streptomy’cin used in the three 
cases were: 7.5 Gm. in 13 day’s; 120 Gm. in 120 days; and 42 Gm. in 42 days, re- 
spectively. In cases 1 and 2 tubercle bacilli were cultured from the pericardial 
fluid. In case 3 no aspiration was done and therefore the diagnosis of tuberculous 
pericarditis, though probable, was not proved. None of these patients showed 
any’ toxic symptoms from the streptomy’cin treatment. 

CASE REPORTS 

Cane 1: A regul.ir army physician, 59 j'ears of age, suddenlj' became ill in October, 1945 
with malaise, fever, and weakness following a mild upper respirator}' infection. The 
diagnosis was left basal pneumonia. In two weeks he was afebrile and ambulatory but 
after throe days his fever recurred. Penicillin and sulfonamides were now without benefit. 
In December, 1945 he was admitted to Letternian General Hospital where a diagnosis of 
pericardial effusion was made on the basis of increased cardiac dullness, faint heart sounds, 
distended jugular veins, and a liver enlarged downwards 3 cm. below the right costal mar- 
gin. Paradoxical pulse was present, blood pressure was 120 systolic and SO di.istolic, venous 
pressure (nntecubital) 177 mm. water. The total leukocyte count was 10,000 per cu. mm. 
with 74 per cent segmented cells. His pericardial sac was tapped and straw-colored fluid 
removed, which showed a few white blood cells but no organisms on smear, a specific gravity 
of 1.032, and 5.5 Gm. of protein per 100 cc. On January 25 this peric.ardial fluid was 
icportcd positive for tubercle bacilli on culture and guinea pig inoculation. 

Peginning on Icbruary 2, he was given 0.1 Gm. streptomycin intr.amuscularly cverv 
four hours for a total of 7.5 Gm. This was followed by a decrease in the amount of peri- 
caidial fluid, a drop in the erythrocyte sedimentation nite from a high of 95 mm. in one 
hour to 12 nun. by March, 194G, and a drop in venous pressure from 177 mm. to 120 mm. 
of water, with improvement in his general health. Search for other manifestations of 
tuberculosis showed that the patient had been hospitalized in 1942 because of a chronic 
cough of four years duration, yiild hypertension and .arteriosclerosis were found, and in 
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colored fluid. From this tubercle bacilli were cultured, but thej^ were iionpatliogenic for 
a guinea pig. Smear of the fluid sediment was negative. On February 17, the patient 
was drowsy, weak and confused. Cerebrospinal fluid e.vamination was normal and neuro- 
logical examination revealed a horizontal nj^stagmus with the fast component to the left. 
However, the patient was alert by February 22, and no definite cause for the episode was 
found, though it may have been salicjdism. During this period albuminuria appeared 
and it persisted throughout his hospitalization. A second pericardial tap on March 1, 
yielded 250 cc. of dark amber fluid from which tubercle bacilli were again cultured which 
were still nonpathogenic for the guinea pig. The patient continued to have a remittent 
and intermittent fever up to 102°F. with a pulse rate of 90 to 100 per minute. His abdomen 
was slightly distended and “doughy” on palpation. On March 3, 1947 a chest roentgeno- 
gram revealed a small amount of fluid in both costophrenic angles. There was a gradual 
increase in the right pleural effusion and a thoracentesis wms done on that side, with the 
removal of 330 cc. of straw colored fluid. No organisms were recovered on culture or guinea 
pig inoculation. 

Sputum examinations for tubercle bacilli and blood cultures were negative. The sedi- 
mentation rate remained elevated at around 36 mm. in one hour. Pericardial taps on 
March 22, June 19 and July 21 and 28 yielded from 250 to 500 cc. of turbid yellow fluid (figure 
1). Cultures of these specimens revealed tubercle bacilli but all reports obtained at the 
time were nonpathogenic for a guinea pig. At the end of July, the total plasma proteins 
were 7.9 Gm. per 100 cc. (albumin 2.S, globulin 5.1). There was no peripheral edema, the 
liver was not palpable, but the venous pressure (antecubital) was 230 mm. of water. The 
patient was given several injections of concentrated serum albumin. His temperature 
gradually fell over a period of several months and by September, 1947 he was having only 
occasional elevations to 100°F. 

Because of the diagnosis of tuberculous pericarditis, the patient was transferred to 
Fitzsimons General Hospital on October S, 1947 for further study. Examination at that 
time revealed signs of fluid in both lung bases, and a friction rub was heard over the entire 
precordium. On October 14, the patient was dyspneic and cjnanotic and he complained 
of pain in the left anterior chest. The liver was palpable for the first time, four finger- 
breadths below the right costal margin, and was tender. October 17, there was pitting 
edema of both legs up to the knees and definite evidence of ascites. Venous pressure (ante- 
cubital) was 150 mm. of water, decholin time was 19 seconds, and ether time, 7 seconds. The 
patient was treated with mercupurin with loss of the edema. 

On October 27, he was started on streptomycin, 0.5 Gm. intramuscularl}’ every twelve 
hours, to be continued for 120 days. From this time on, the patient remained afebrile and 
his pulse ranged from 80 to 90 per minute. Erythrocyte sedimentation rates remained 
about 25 mm. in one hour. Total plasma proteins were S.5 Gm. per 100 cc. (albumin 2.7 
globulin 5.8). The patient had no edema or ascites b 3 ^ the middle of November. At this 
time a report was received on pericardial fluid removed on August 20 at William Beau- 
mont General Hospital stating that it was positive for tubercle bacilli which were patho- 
genic for a guinea pig. Numerous gastric washings and urine cultures were negative for 
tubercle bacilli. White blood cell counts remained normal. On December 5, venous 
pressure (antecubital) was 135 mm. water with a rise to 200 mm. on pressure over the right 
upper quadrant of the abdomen. Arm-to-tongue circulation time (Decholin) was 22 
seconds and with ether was 12 seconds. The patient was asj'mptomatic and had a good 
appetite bj^ the end of December. During Januarjq 1948 he continued this same good 
course and the onlj- phj’-sical findings were a false pulsus paradoxicus (present onljMvhen 
le leld a deep inspiration), enlargement of the cardiac area, and evidence of pleural thick- 
enmg ovei the right lower lobe. The liver could not be felt. 

ining the rest of the patient’s hospital sta 3 ' until he was transferred to a Veterans Hos- 
pi a in April, 1948 he remained as 3 TOptomatic and feeling well (figure 2). It was difficult 
4°4 modified bed rest. The total plasma protein was 8.6 Gm. per 100 cc. (albumin 

• > go ulin 4.2). Retrograde p 3 'elograms and roentgenograms of bone, as well as liver 
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Case S: An IS year old Negro soldier was admitted to a station hospital in Japan on August 
26 1947, complaining of loss of weight for three months and chills for four daj'S. The pa- 
tient stated that during the past three months he had had poor appetite, lost 15 pounds in 
weight and felt tired. Four days before admission he began to notice chilliness at night 
necessitating the use of extra covering. He had a “tingling” sensation over the sternum. 
There was no cough or hemoptysis. 

Past history was significant in that the patient had had a chancroid four months before 
admission which had been treated with sulfadiazine. Family history was noncontributory, 
and there was no history of exposure to tuberculosis. 

Physical examination revealed him to be thin, poorly nourished, undersized, and he 
appeared chronically ill. Blood pressure was 110 systolic and 60 diastolic. The heart was 
not enlarged, the tones were of good quality, and no murmurs were audible. Pulse was 52 
per minute with regular rhythm. The rest of the examination was negative. Laboratory 
data: erythrocyte count was 4.1G million per cu. mm., the hemoglobin was 100 per cent of 
normal, the total leukocyte count was S,700 per cu. mm. with 60 per cent segmented neu- 
trophils, 34 per cent lymphocytes, 5 percent monocytes, and 1 per cent eosinophils. Erj'thro- 
cyte sedimentation rate was 56 mm. in one hour. Serologic test for syphilis (Kahn) was 
positive. The urine was normal. Hookworm larvae and Trichuris trichuria ova were found 
in the stools. Examination of the blood for malarial parasites was negative. Blood cultures 
were sterile. A roentgenogram of the chest showed an enlarged right upper hilar lymph 
node and lines of increased density radiating into the first and second right anterior 
interspaces. 

The patient had an intermittent fever with dailj’ peaks of 103°r. He had only a feeling 
of malaise and complained of no pain. During the last half of September, the patient’s 
fever became lower with daily rises to OO^F. He felt stronger and his appetite improved. 
The erythrocyte sedimentation rate remained about 35 mm. in one hour. The patient was 
treated for the hookworm and whipworm infestations with hexylrcsorcinol and tetrachlor- 
ethylenc. On October 13, the titer of the serologic test for syphilis (Kahn) rose to 320 
“units” and the patient was given S million units of penicillin intramuscularly over a period 
of ten da 3 's. Except for an initial Herxheimer reaction, the patient’s fever remained low 
grade with rises to 99.5°F. On November 18, while the patient was sitting up, he was 
suddenly seized with a sharp pain in the left anterior chest which radiated to the left shoul- 
der. There was marked dj’spnca but no cough or hemopty'sis. The pain disappeared 
spontaneouslj’- in about thirty minutes. The total leukocjde count was 5,800 cells per cu . 
mm. with a differential showing 9 per cent eosinophils. Sedimentation rate was 32 mm. in 
one hour. An electrocardiogram showed only sinus arrhj'thmia (figure 4). On November 
19, a friction rub could be heard over the entire precordium. A soft blowing S 3 "stolic 
murmur was heard at the apex. Chest roentgenogram revealed an increase in the size of 
the heart of 3 cm. in the transverse diameter. A tentative diagnosis of tuberculous peri- 
carditis was made. The patient’s temperature was now intermittent with daily spikes to 
101 F. The pericardial friction rub disappeared by November 21 and the heart sounds 
became distant. The titer of the Kahn test dropped gradual^’ to 40 “units”. Sputum e.\- 
anunations for tubercle bacilli remained negative. Chest roentgenograms remained un- 
changed. On November 28, the patient was evacuated to the zone of the interior. On 
arrival in the United States and while awaiting transfer to an Army general hospital, lab- 
orator3r study showed : a total leukoc 3 'te count 5,000 cells per cu. mm., hemoglobin concen- 
tration 14.8 Gm. per 100 cc., er 3 'throcyte sedimentation rate 6 mm. in one hour, Kahn test 
10 “units” and urine normal (figure 5). 

On admission to Fitzsimons General Hospital Januar 3 ’- S, 1948 the patient was asympto- 
matic, His temperature was normal. Physical examination revealed no abnormalities. 

e erythrocyte sedimentation rate was 10 mm. in one hour. A roentgenogram of the chest 
s owed the large discrete lymph node enlargement in the right hilar region. The heart 
s a ow was smaller but still enlarged. Lung fields were normal. Electrocardiogram showed 
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Because the lymph node enlargement was considered to be tuberculous and potentially 
unstable, and because of the associated pericarditis, the patient was given a course of strep- 
tomj'cin intramuscularlj^, 0.5 Gm. every twelve hours for a total of 42 days. During this 
time the patient remained asymptomatic. He was afebrile and his total and differential 
leukocyte count and erythrocyte sedimentation rate remained normal. E.xaminations of 
numerous gastric washings were negative for tubercle bacilli. The serologic tests for 
syphilis became negative. Electrocardiograms showed some regressive changes but in- 
version of T persisted in leads V.i.s.c (figure 4). A roentgenogram of the chest on January 
26, 194S showed a moderate decrease in the size of the enlarged right hilar node. The cardiac 
silhouette had decreased to normal size (figure 6). In July, 1948 the patient was trans- 
ferred to a Veterans hospital and, at that time, he was as 3 'mptomatic, afebrile, and appeared 
well. Phj^sieal e.xamination revealed no abnormalities. The only apparent abnormalities 
remaining were the large hilar node and the electrocardiographic evidence of pericarditis. 

SUMMARY 

Two cases of proved and one case of highty probable tuberctdoiis pericarditis 
which responded satisfactorily to streptomycin therapj'^ are reported. 

SUMARIO 

La Estrepiomicina en cl Tratamicnto de la Pericarditis Tubercidosa 

Los tres casos comtmicados, dos comprobados y uno muy probable, de peri- 
carditis tuberculosa respondieron satisfactoriamente a la estreptomicinoterapia. 
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STREPTOMYCIN IN EXPERIMENTAL TUBERCULOSIS'- 

III. Effect on the Pathogenesis of Early Tuberculosis in the Guinea Pig Infected 
with Streptomycin-sensitive H37 Rv Tubercle Bacilli 

W. STEEXKEX, JR. axd PHILIP C. PR.VTT 
(Received for publication Xoveinbcr-i, 1048) 

INTRODUCTION" 

Up to the present time, reports of the results of streptomycin therapy in the 
e.vperimcntal animal have dealt chiefly with therapy instituted immediately 
after injection with virulent tubercle bacilli, or therapy instituted after the disease 
was well established. This paper reports the early course of a tuberculous infec- 
tion in normal guinea pigs to which streptomycin was administered prior to 
injection with highly vinilcnt streptomycin-sensitive microorganisms. 

It was demonstrated by Krause (1, 2), and later by othei-s (3, -1, o, 7), that 
within four to si.v days after subcutaneous inoculation there is a widespread 
dis-'cmination of tubercle bacilli throughout the body of the guinea pig, although 
gross and microscopic pathological lesions may not be observed before six to ten 
days. Krause’s findings show that, in order to )>rove the i)rcsence or absence of 
viable tubercle bacilli in early tuberculosis in the guinea pig, there should be a 
subinoculation of the triturated organs from an infected animal into normal 
guinea pigs, in addition to gro.-JS and microscopic examination of the tissues. 

.UKTJIOD.S 

In llic cNpcrinuMit rejuirtcj licro,:?2 tuttcrculin-negnlivc male guinea pigs, eacli weigliiiig 
alxuU 150 Gm., wrre divided iutd two groups of 1C eacli, one group for troatmoiU and one for 
eoutrol. 

/’rr/Kirofi'dii of suapcnxiori of harilU: An evenly disper.'-ed I t day culture of HOT Rv 
microorganisms in Tween-albumin medium was diluted with physiological saliiu' until a 
standard loopful of the culture si)reaii on a slide over an area 1.5 by 15 mm. in sire, contained 
20 to .50 microorganisms per oil immersion field. The final suspension adjusted in the Klett 
Summerson colorimeter gave a dial reading of 17. Using this figure, it was calculateil (,C) 
that 1.0 cc. contained .approximately 20,000, (KK) tubercle bacilli. 

Thcrapp: The animals in both groups were injecteil subeutaneously in the midline, 
anterior to the .symphysis pubis with 0.2 ce. of the sus|)ension. which is equivalent to approx - 
imatelv l.(XK),000 bacilli. In Group I, streptomycin therapy was begim forty-eight hours 
prior to infection. Each animal ri'ceived IS,00;) y of the drug per day in four doses; three 
doses of -LtyXl y each at 7 a.m., at 12 noon, ami 5:50 p.m., and the hast das'* of 0,000 y .at I0:.S0 
p.ni. The treatment was continued throughout the (>xperiment . 

Sr.rrif.rr ptrimla of nru'rr:n!.< orul ftihirtoriilulion: Two treateil and two control anim.als 
uere killed at .I, 5. 10, 15, 21, 27. .and .00 d.ay intervals, Tissm's from the treated .anim.als 
s.acrilieed .at .5, 5, 10, 15, and 21 (lays, as well a.s tissues from the control anim.als kdled at .5, .5, 
and 10 days, were removcfl :ind studied as follows : One iliac node, half of the sph'en, and two 

’■ Erotn The Trudeati Laboratory of The Trtnle.au I'oundatit)n for the f'linical and lix- 
le'rimeiital Study of I’ldmotiary Disease. Trud'-au, Xea- York, 

■ This sttidv was aid'd by a grant from the Division of Ibs'-earrh Grants and I'ellov. .-hips 
of tie- National Institute of Ibaalth. 1'. S. Public lle.ilth S-rvire 
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tracheobronchial nodes were removed ascpt.ically from each animal. These were ground 
separately in a mortar with the aid of a pestle and the material suspended in a minimum of 
physiological saline. ICach triturated organ was injected subcutaneously into the inguinal 
region of a normal guinea pig. These subinoculatcd anim.als were then followed by monthly 
tuberculin tests and autojisicd as their reactions became positive, or .after a four month 
period, whether they wore ]>ositivc or negative. 

RESULTS 

Tuberculosis by subinoculation was produced by each of the iliac nodes and by 
the spleens obtained from both the infected controls and the treated animals 
killed at the end of 3 days. All tissues obtained subsequently from the same 
organs of the animals killed at various intervals likewise produced tuberculosis 
when inoculated into normal guinea pigs. 

The triturated bronchial nodes obtained from the treated pigs and the con- 
trols at the end of 3 and 5 days, when injected into normal guinea pigs, failed to 
produce tuberculosis. The bronchial nodes obtained from two infected controls, 
when subinoculated at the end of 10 days, produced progressive tuberculosis 
in normal guinea pigs, whereas the nodes obtained from the treated animals 
failed to do so. The tracheobronchial nodes from the two treated animals killed 
at 15 days, however, did produce tuberculosis on subinoculation. At 21 days, 
the tracheobronchial nodes from one of the treated animals produced tuberculosis 
on subinoculation, but those from the other failed to do so. 

, Pathologic Changes 

Recordings of gross observations on all animals were made at autopsjL The 
spleen, liver, lungs, and the tracheobronchial and iliac nodes from each animal 
were then fi.ved in Zenker’s solution and stained with hemotoxylin and eosin 
for microscopic study. The essential pathologic findings are presented in table 
1, in Avhich the gross and micrpscopic observations of the various organs are 
recorded according to the duration of the disease. As previously stated, two 
treated and two control animals were killed at each sacrifice period. The lesions 
in each of the animals within each group Avere, in most instances, comparable. 
When the described lesion appeared in only one of the animals, this fact is indi- 
cated by an asterisk. 

In relation to the controls, it is evident that the treated animals exliibited 
little disease, that fewer organs were involved, and that, with one exception, the 
lesions were less extensive. The exception occurred in the iliac nodes of the 
animals sacrificed at 10 days; the extent of the disease was identical in each 
animal of the two groups and the lesions covered several microscopic fields. 

It is important to emphasize the fact that lesions were observed in the spleen 
and lungs, although these lesions were only microscopic. The livers also might 
have revealed lesions had serial sections been made on this organ. A portal 
scar was observed in one of the treated animals killed at 27 days; this probably 
represented a healed tuberculous lesion. The iliac nodes of the animals killed 
at 27 days shorved caseation. 

The foci of lymphocytes seen in the lungs of the treated animals sacrificed 
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on the fifth and tenth days were [very consjiicuous; thej’- were compact, and 
many of them had germinal centers, evidence which indicated that thej'' could 
be considered true lymphoid follicles. While such lymphoid foci are not nor- 
mally present in the lung of the guinea pig, they were found rather frequently. 
The reason for their presence is not a])iJarent. Little significance is attached 
to them, since in other experiments there has been no regular occurrence of such 
lymphoid foci in the lungs of treated animals. Aside from these lymphoid foci, 
the microscopic appearance of the lesions in the two groups was similar, and 
apparently strept omycin did not alTect the ccllvdar reaction to the bacilli (See 
figures). 


DISCi:.SS10N 

The results of this experiment reveal that streptomycin therapj' begun 
forty-eight hours prior to injection subcutaneously with virulent organismsdid 
not prevent the distribution of tubercle bacilli in the bodj' of the guinea pig. 
The fact that tubercle bacilli were demonstrated in the tracheobronchial lymph 
nodes of the control animals by subinoculation at 10 da 3 ’^s, but not until 15 
daj\s in the treated animals, is not considered significant because this variation is 
within the range reported by Krause (1, 2). However, this finding maj’’ be 
contrasted with Krause’s observation that in the immunized guinea pig the 
dissemination of bacilli from the site of inoculation is delayed. These observa- 
tions indicate that the effect of treatment with streptomj’'cin does not duplicate 
this phenomenon of host-acquired resistance inasmuch as streptomycin limits 
the multiplication of tubercle bacilli but does not result in the localization of 
the organisms at the site of inoculation. 

The difference in the amount of tuberculosis observed in the two groups is 
striking and needs no further comment, for the dramatic effect of streptom 5 min 
on experimental tuberculosis in the guinea pig is well known. Nevertheless, 
the fact that tuberculous lesions developed in the treated animals deserves 
the closest studju 

A review of the course of the infection in the treated animals shows that 
lesions were first seen in the iliac nodes at 10 daj^s. Progression of this lesion 
was slow but definite up to 27 da 3 ’-s, at which time caseation was present. 
At 39 days, the next sacrifice period, only a few macrophages and a small area 
of scar tissue were present. In the spleen, foci of macrophages were observed 
in the malpighian bodies at 21 da 3 '’s, but not before or after this period. At 
27 da 3 '^s, small groups of macrophages and a few epithelioid tubercles were 
obseiwed in several of the l 3 TOphoid foci in the lungs. At 39 da 3 ^s, both these 
and the bTOphoid foci were absent, and the lungs appeared to be normal. It 
is apparent then that, despite streptomycin therap 3 ’’, the tuberculous lesions 
progressed for a period of about 27 days, then regressed, and at 39 da 3 rs the 
only lesions observed were a few macrophages and a scar in the iliac node. 

The presence of caseation indicates that the animals had become h 3 rpersensi- 
tive. The animals killed at 27 and 39 days were skin tested with 5 per cent 
Old Tuberculin and both the control and the treated animals showed strong 
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same intervals after infection and in-ogressed at siinilai- rates in the treated and 
in the control animals. In many instances, there appeared to be fewer I.ang- 
hans’ cells associated with tlie lesions in the treated animals than in the controls, 
but no gro.ss and no other histological distinctions could be made. 





PL.\TE I 

Fig. 1. Low power magnification of spleen from animal treated C6 days. Compare with 
figure 2. Note similar degree of enlargement. Tuberculous lesions arc present in the mal- 
pighian bodies. XIO. (Sec Plate II, figure 1) 

Fig. 2. Lower power magnification of spleen from control animal at 06 days. XIO. 


COaiMENT 

The results of this experiment indicate clearly that guinea pigs infected with 
H37 Rv tubercle bacilli that were made highlj' resistant to streptomj^cin (1,000 
7 01 moie) bj’’ in vitro adaptation do not respond to streptomycin therapy. 

^Othei experiments to be reported from this laboratory bj^ Steenken and 
Wolinsky (3) will show that guinea pigs infected with tubercle bacilli freshly 
isolated from patients under streptomycin treatment, and which have become 
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TRANSITORY INFILTRATES IN THE LUNGS WITH EOSINOPHILIA 

(LOEFFLER’S SYNDROME) ^ 

A Review With the Report of a Case 
VICTOR F. WOOLF and WILBUR J. GOULD 
(Received for publication July 19, 191S) 

REVIEW OF TUE LITERATURE 

The sjTidrorae of pulmouarj’’ infiltration of brief duration associated with 
eosinophilia was described by W. Locfiler of Zurich in 1932 (1). By 1936 (2) 
he had accumulated 51 cases. Although most of this material came from chest 
climes, in no instance was there any evidence of active pulmonary tuberculosis. 

This group was of special interest because of the difficulties in differential 
diagnosis. The shadows observ’ed in the lung fields were of many tj^ies, varied 
in distribution and were remarkable for their fleeting character. In some pa- 
tients the process was migratory. iVnother distinguishing characteristic was 
the presence of an eosinophilia. In more than half of these individuals, the 
eosinophils ranged between 10 and 30 per cent. The highest percentage of 
eosinophils observed was 66. There was no strict parallel between the size of the 
infiltrate and the accompanying eosinophilia. The maximum number of eosino- 
phils was found at the time when the pulmonary shadows had begun to resolve. 
Very often, the eosinophilia persisted for a long time after the clearing of the 
pulmonary process in the roentgenogram. The sjTnptomatolog}’' also bore no 
constant relation to the extent of the physical and roentgenological findings. 

Fourteen of Loeffler’s 51 cases were entirely symptom-free. In these patients 
the pulmonary shadows were discovered during the course of routine fluoros- 
copy or roentgenographic sun-eys. The majority of the patients complained 
chiefly of fatigue and of respiratorj’^ symptoms of varjdng severity. The condi- 
tion was encoimtered most frequently between July and August. Fully two- 
thirds of the patients were males. Two instances were found in members of the 
same family. All the cases followed a benign course regardless of the therapy 
employed. The individuals observed in Loeffler’s series were of different age 
groups; one-third were small children. Thirteen had negative skin reactions to 
tuberculin, while the remaining 37 were tuberculin-positive. 

Since Loeffler’s observations, the literature on the subject has grown consider- 
ably. Reports have come from all parts of the world. Virtually all authors 
now agree that the condition is an allergic reaction occurring in the lungs of a 
sensitized individual. Most of the patients are found to have an allergic back- 
ground and to have had other manifestations of allergy. The number and 
variety of conditions in which Loeffler’s syndrome has appeared is constantly 
increasing and may be limitless. Cases have been reported in the course of, or 
in association with, various bacterial infections, parasitic infestations, asthma, 
pollen sensitivity, and other allergic states, erythema nodosum, periarteritis no- 
* From the Pulmonary Clinic, Lenox Hill Hospital, New York, N. Y. 
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nnd inflanmiatory exudate with cosinopliilia. The other organs showed similar 
V!u:cu!ar lesions. In 2 of those autojx'sies a pathological diagno.sis of periarteritis 
nodosa was made. 

Bagcnslos.-^, Bayloy, and Lindhcrg (13) report on the po.stmorlem pulmonarj^ 
finding.s in a ease of laK'filer'a Syndrome. The lungs showed scattered tubercle- 
like gninuhunata. In .some ntvas there was organization of the alveolar cxaidate. 
A more recent acute infljinnnatory proce.'^s was found in the lower lobes uith a 
predominance of cosinoj)hils in the exudate. The bronchioles contained mucus 
.and desquamated ejiithelial cells. 'I'hcir walls were infiltrated with eosinophils 
and plasma rolls. I’eriva.ccnlar inflanunatora’ le.'^ions with thickening and oc- 
casional necrosi.s of the vc.s.^els walls were also present. 

"Wm Meyenhurg (-1), Nagel (M), and Ilerbut and Kinsey (23) cited experi- 
mental work (I. a, 16, 17) in which the various clinical and pathological findings 
observed in individuals with eosinophilic lung infiltrates have been reproduced. 
Ilanscn-Pn5s.< and Goodman (IS), Bagcn5los.s, Bayloy and Lindberg (13) and 
Ilarkavy (3) mention the role of the vascular .system in producing the findings 
in their patients, 'rhey mfer to the work of other authors wherein similar vascu- 
lar lesions are found to be on an allergic b.'csis. Alpher (19) regards the occur- 
rence of eo.^inophiiic infiltniles in other org.ans as jjostulating a hematogenous 
palhw.'iy for t he “in* rinsic type” of c.a.'-e and he rai.sos the possibility that Loeffler’s 
S\mdrome may be due to vinil infect ion in an e.s.scnlially allergic person. He also 
regarcks the interstitial ti.ssuc lus the shock organ whereas Hansen-Pruss and Good- 
man (IS) offer the view that in the course of repeated respiratory infections there 
is po.ssiblc .cen.sitir.ation of the bronchial tree bj’ bacteria with allergic response 
in the form of a pneumonic type of reaction to reinfection with the sensitizing 
antigen or witli .some other antigen. 

The importance of the .syndrome Iic.s in the problem of differential diagnosis 
which it presents. Some cases liave been mistaken for tuberculosis, as with 
the patient in the prc.«ent report, some for lung abscess or infarcts, and others 
for pneumonia of various kind.s. 

Tlic l\q)cs of sli.adows seen on the chest roentgenograms, according to Loeffler (2) are: 

1 . Kargc, more or less irregular shadows, unilateral or bilateral. 

2. Small round foci. 

3. Mulliccntric unilateral or bilateral infiltration. 

*1. Lob.ar shadows. 

5. Infiltrates simulating ".socondaiy tuberculous infection.” 

G, Cases with pleural involvement and a verj' small fleeting effusion. 

In addition to the varied shadows noted by others, Hennell and Sussman (15) 
describe: 

nanow, plate-like homogenous densities axtending obliquely caudad and laterally. 

Often they are symmetrical in the two lungs. They also resolve completely. Whether 
they represent localized c-xudations in the lung or pleura is impossible to state, but they 
seem to be unique to this disease. There is no predilection for upper or lower lobes, but 
a fair degree of sjmmetry on the two sides is the rule. 
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resorption of the pulmonary shadows. It will be interesting to follow this pa- 
tient’s course in the light of Harkavj^’s findings. 

Experience with this patient serves to illustrate the differential diagnostic 
problem. In this instance pulmonary tuberculosis was suspected because of the 
symptoms and roentgen picture. The patient actually spent three months under 
observation for pulmonary tuberculosis. 

Because the symptomatology may simulate both acute and chronic pulmonary 
diseases and since the roentgenographic findings are extremely varied, it is im- 
portant that the patient be studied from the clinical as well as from the laboratory 
standpoints. Loeffler’s Sjmdrome should be suspected if the blood count re- 
peated at intervals of several days to a week shows eosinophilia. A careful history 
may disclose repeated respiratory infections superimposed on an allergic back- 
ground such as asthmatic attacks, hay fever, migraine, et cetera. 

Roentgenograms taken at intervals of one week null usually show rapid clear- 
ing or migration of the pulmonary shadows. The presence of the oblique shad- 
ows described by Hennell and Sussman (20) may be helpful. The sputum should 
be examined for tubercle bacilli. The absence of acid-fast organisms, especially 
when large lesions exhibiting lobar distribution and rarified areas suggesting 
cavitation are present, would tend to exclude a diagnosis of pulmonary tubercu- 
losis. Pneumococcus pneumonia can be excluded by the failure to find pneumo- 
cocci of the fixed types in the sputum. The use of the cold agglutination test 
may be valuable in ruling out the atypical pneumonias. The absence of foul or 
purulent sputum and the rapid resolution help to separate these cases from lung 
abscess and suppurative pneumonia. Observation, bronchoscopy, and serial 
roentgenograms will differentiate Loeffler’s Syndrome from carcinoma of the 
lung. Pulmonary infarct can be distinguished by the course and the absence of 
conditions with which it is usually associated. 

Because of the frequent association of this syndrome with chronic infections, 
especially by protozoa, stool examinations, cutaneous tests, and serological pro- 
cedures may be of great value in detecting unsuspected infections whose caus- 
ative organisms may act as sensitizing and provocative antigens. A thorough 
allergic study with various antigens may be advisable. As this condition may be 
but one manifestation of a serious underlying disease such as periarteritis nodosa, 
especially in the more protracted or recurrent cases, appropriate steps should be 
taken to exclude this possibility. 


SXJMMA.RT 

A case of Loeffler’s S 3 mdrome in a 44 year old woman is presented. Transi- 
tory cardiac enlargement and mild hypertension were also observed. 

SUJtA.RIO 

Infiltradones Transitorias en los Pulmones con EosinofiUa (Sindrome de Loeffler) 
Este caso de sindrome de Loeffler en una mujer de 44 anos coexistid con hiper- 
trofia cardiaca pasajera y leve hipertensidn. El sindrome de Loeffler pasa por 
ser un fendmeno aldrgico exudativo en los pulmones. 
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TUBERCULOUS ESOPHAGO -CUTANEOUS FISTULAE TREATED WITH 
STREPTOMYCIN AND GASTROSTOMY' 

Report of a Case 
JOHN F. LAWSON^ 

(Received for publication June 2S, 194S) 

This case is presented primarily as an unusual form of tuberculosis and, 
secondly, because one phase of the disease responded to streptomycin. 

CASE REPORT 

History: A 28 year old, white, single female was admitted to North Carolina Sanatorium 
on October 7, 1947 with the following histoiy. She enjoj'-ed good health and normal 
development until 1924, when at the age of five she was exposed to a known case of tuber- 
culosis. Shortly after this she is said to have developed measles and an upper respiratory 
infection, followed several weeks later by pain in the thoracic spine. A diagnosis of 
tuberculosis of the spine was made and a body cast was applied and worn for one year. 
In spite of this, she had a marked kj'phosis over the lower cervical and upper thoracic 
vertebrae, which was painless and which allowed normal physical activity for the next 
twenty years. 

In June, 1944 she noted a hard swelling the size of a hen’s egg on the left side of the 
neck associated with generalized malaise and fever. Tuberculous abscess of a cervical 
lymph node was diagnosed and the swelling was later incised and drained with an in- 
dwelling tube. This area never healed, and eleven months later while drinking a beverage 
the patient discovered that the latter had seeped through the sinus and had wet the ex- 
posed surface of the neck. Pain reappeared in the spine and shortly thereafter, in 1945, 
a mass was noted on the right side of the neck. This, ih due time, followed a course 
similar to that on the left. Both sinuses have continued to drain purulent material 
intermittently since 1945. Bodj-^ cast was applied at that time and the patient continued 
to we.ar this. However, the pain in her spine persisted and the kyphosis became more 
marked. 

Physical examinaHon: Physical examination at the time of admission revealed a small, 
poorly developed and poorly nourished, white female who .appeared chronically ill. Her 
tempenature was 99° F., pulse 120 per minute and the respirations were IS per minute. 
The blood pressure in mm. of mercuiy was 144 systolic and 100 diastolic. There was 
generalized wasting of the subcutaneous tissues. Examination of the head revealed 
nothing abnormal. The neck was thrust forward as a result of the spinal deformity. 
Bilatenal, nontender, anterior cervical Ijmph nodes were felt. At the base of the neck 
on each side just anterior to the trapezius muscle were scarred areas the size of a half- 
dollar with small fistulous openings from which purulent material could be expressed. 
Fluids taken by mouth appeared promptly at these openings. There was marked kj^pho- 
sis involving the lower cervical and upper thoracic vertebrae with a nontender gibbus 
involving the third and fourth thoracic vertebrae, and accompanying thoracic deformity 
of marked degree. The heart and lungs were normal on percussion and auscultation. 

* From the North Carolina Sanatorium for the Treatment of Tuberculosis McCain 
North Carolina. ’ ’ 

= Department of Surgery, Duke University School of Medicine, Durham, North Caro- 
lina. 
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Neurological examination was normal. The remainder of the physical examination was 
noncontnbutor 3 \ 

Laboratory examination: Studies of the blood revealed no abnormalities excejit for 
12,750 leukoc}i;es per cu. mm. with S5 per cent neutrophils, 14 ))Dr cent small lymphocytes, 



Fio. 3 


I'lo. 1, Chost roentecnopram (lcinon.slr.itinp marked de.‘:triiction of thor.-ieic vcriohrae. 
Fig. 2. Lateral rociitpcnopram .«hn\vinp spinal deformity. 

Fin. 3. Lipiodnl was injected into both sinuses and could be traced by fluoroscopy into 
the eo.sophapus and stomach. The saccular area in the repion of the e.sophapus is not dem- 
onstrated in this roentpenopram. 

and 1 per cent eo.sinophils. .-V serologic test for syphilis (Kline) was negative and the 
urin.alysis wa.s normal, 

Koentgenograms of the chest showed no evidence of active puhnonarj* tuberculosie. 
There was definite widening of the .superior nierliastiiium, however, particularly on the 
left, lloentgenograins of the sjnne revealed markeii de.stniction of the dorsal verteiiras 
as .shown in figiire.s 1 and 2. Lipiodol rva.s injected into each .sinu.s and thi.s could be 


TUBERCULOUS ESOPIIAGO-CUTANEOUS FISTULAE ObJ 

traced by fluoroscopy into a saccular area that was continuous with the esophagus and 
stomach. This is shown in part by figure 3. The saccular area retained the opaque 
material only transiently. Sputum, examined repeatedly by concentration and culture, 
was negative for tubercle bacilli. Cultures from the draining fistulae ic\caled tubeicle 
bacilli. 



Fig. 4 Fig. 5 


Fig. 4. Photograph representing topographical deformity of spine. Dressing on ab- 
domen covers site of gastrostomy incision. Supraclavicular scar is visible but is shown in 
higher magnification in figure 5. 

Fig. S. Enlargement to show healed scar in supraclavicular region. 

Course in hospital: A diagnosis was made of tuberculous spondylitis complicated by 
formation of mediastinal abscess, bilateral esophago-cutaneous fistulae, and bilateral 
tuberculous cendcal Ijmiphadenitis. Because of the results reported (1, 2) from the use 
of streptomycin in the treatment of draining tuberculous sinuses, this drug was used in 
this case. Esophagoscopy was attempted as a preliminary to chemotherapy, but was 
unsuccessful because of the spinal deformity. Intramuscular streptomycin, 1 Gm. a 
daj^ in 3 doses, was begun on November 27, 1947. 
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On November 28, 1947 gastrostomy was performed in order to put tlie esophagus at 
rest during streptomycin therapy. The patient was fed \ia the gastrostomy and received 
nothing by mouth for seventy-two daj’^s. After one month of treatment the fistula on 
tile left side closed, followed on the seventh week b}” closure of the fistula on the right. 
On Februaiy 6, 1948 the patient was given a soft, bland diet b}' mouth and on Febiuaiy 
19 the fistula on the left side reopened. Streptomj-cin was discontinued on Februaiy 20 
after the patient had received 86 Gm. in eightj^-six days, the esojihagus remaining free 
from food for seventy-two days during this period. The fistula on the left drained for 
three weeks and closed spontaneous! 3 ' and neither fistula has drained for the past tliree 



Fu:. G. IJiirium swallow, three months after streptomycin wji.s discontinued, demon.sf rat- 
ing the distorted esophagus. No fistulous tracts arc seen. 

months.^ After two previoush' unsuccessful attempts, the gastmstomj- was closed on 
May 11,1948. 


At prc.-'cnt the patient is taking a regular diet, eating well, and gaining weight. 
There tire no ptilpable eervieal lymjih nodes. Fignre 1 present.s a photograph 
ttiken M:iy S, 1918 showing the deformity. Figure o ilhistrate.s the healed site 
of the iirevions li.sttilons opening on the left, ton weeks tifter streptomycin therain- 
was discontinued. The right side is not siiown, but is identictd wit It the left. 
Figure 6 pre-'cnts the results of ;i barium swallow three months after strepto- 
niyein therapy and demonstrates the distorted e.-;o[)h.agus which is deviated to 

’Since this report was arce{)ted for pHf)lic.'iliou. t!ic writer has t)een informetl that one 
of the fistid.'ie h.’is reopeaed and coutimied to flr.-iin. -N'o filrtlier stra-ptomyrin has heen 
given. 
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the left in its upper portion. No fistulous tracts are seen. However, there is no 
Iniowledgc of the condition of the presumed underljdng mediastinal abscess. 

The possibility Ih.at one or both fistulae were connected with the distal pharynx 
rather than the esophagus cannot be excluded with absolute certaintjL The 
esophageal site is much more likeh', however, because all of the pharynx, e.xcept 
the region of the junction between inferior constrictor muscle and esophagus, 
was obser\'cd under direct vision during the attempt at esophagoscopy. 

smnuARY 

A case of tuberculous esophago-cutancous fistulae treated udth streptomycin 
is presented. Eighty-six grams of streptom3'cin were given over a period of 
eighty-six daj’s. A gastrostomj’ was performed and for sevent3'-two da3’s during 
the period of cheniotherap3' the patient was fed exclusivcl5'’ b3'' tube. Both 
fistulae have remained closed for more than three months.® 

SUJIAIUO 

FisUtlas Esofago-Cutdneas 7'ubcrcithsas Tratadas , 

coti la Estreplomicina y la Gaslrostomia 

1 El caso descrito es de fistulas esdfagocutdneas tuberculosas tratadas con la 
estreptomicina, administrdndose SO Gm. de la droga durante un periodo de 
ochenta y scis dias. Ejccutdsc una gastrostomia 3'’ durante setenta y dos dfas 
de dicho periodo de quimioterapia el enfermo fud alimentado exclusivamente con 
sonda. Ambas fistulas ban permanecido cerradas por mds de tres meses. 
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SKIN TUBERCULIN REACTION FOR THE ASSAY OF TUBERCULIN 

IN GUINEA PIGSi 


GRAHAM CHEN and R. W. SARBER 
(Received for publication Julj' 2S, 194S) 

INTRODUCTION 

Since the initial discovery bj’’ Koch that tuberculin could be a useful aid in the 
diagnosis of tuberculosis, its use has gromi until it now occupies a position of 
universal acceptance. IMany of the problems that have arisen in the use of 
tuberculin have resulted from a lack of knowledge of its chemical and immuno- 
logical characteristics. Attempts to correlate various separately conducted 
studies on tuberculin skin sensitmty have not always been entirel}’’ successful. 
This is easily understood uiien consideration is taken of the man}’- and varied 
methods and steps in the preparation of tuberculins. The use of various non- 
synthetic and synthetic media, concentration of filtrate to standard volume with- 
out regard to its activit}’-, and various methods of partial purification, all con- 
tribute to the confused picture found in correlation studies. 

The development bj’- Seibert (1) of a lughly purified tuberculin, Purified Pro- 
tein Derivative (PPD), has greatly reduced the nonspecificity of tuberculin 
reactions and furnished an excellent material to use as a tool for the comparison 
of various tuberculin preparations. Attempts at standardization of tuberculins, 
however, have shoum both the unreliability of present methods and a great varia- 
tion among tuberculins from various sources. Savage (2), Sweany (3), Seideman 
(4), and others have compared tuberculins from various sources and found con- 
siderable variation among products. Earlj” attempts were made b 3 ^ several to 
establish a quantitative biological test. The determination of a minimal lethal 
dose of tuberculin injected subcutaneously into a tuberculous guinea pig was one 
of the earliest methods (5). Long (6) emploj-^ed a method which determined the 
minimal amount of tuberculin which when injected into the testis of a tuberculous 
guinea pig would cause complete inhibition of spermatogenesis. Both of these 
methods proved impractical because results varied too great!}’- with the degree of 
tuberculin sensitivity. Bunne}' and Gottschall (7) and Clark and Follin (S) 
have presented semi-quantitative methods based upon comparative skin reac- 
tions in guinea pigs. 

In \'iew of the importance of the dosage of tuberculin in diagnostic, therapeutic, 
and prophylactic procedures, a standard method is required both for the stand- 
ardization of tuberculin and for the clinical assessment of the tuberculin reaction 
to which standardized statistical procetlures can l)c applied vdth consistent and 
reproducible results that can be reduced to a formula. The work to be reported 
in this paper was planned in an attempt to achieve these objectives. 

> From the Rcsc.'irch L.-iboratorics, Parke, D.’wis and Comp.any, Detroit, Michip.'\n. 

692 



TUBBRCITIjIN assay in guinea pigs 


693 


METHODS 

White guinea pigs weighing between 375 and 400 Gm. were inoculated intraperitoneally 
with virulent M. tuberculosis following a procedure used routinely in this laboratory. 
Four to five weeks later, the skin on the back and sides of these animals was depilated by 
clipping and by rubbing with barium sulfide paste. Three or four graded doses of a tuber- 
culin preparation (PPD) were injected in 0.1 ml. volumes intradermally on each side of the 
body. In case an unknown was compared with a standard, they were injected alternately 
on the same side. The dosages employed were those recommended for sldn testing in 
humans. 

The skin reaction w.as determined b}' measuring the diameter of the erythema evolved 
twenty-four and forty-eight hours following inoculation. The intensity of the reaction 
reached a maximum around twenty-four hours. Wlien the reacting area was not exactly 
circular in shape, two diameters (maximum and minimum) were measured and the mean 
diameter was used in calculating the dose-rcspon.se relationship. 

In some experiments, the tuberculous pigs which had once been employed for skin testing 
were used again two to four weeks later. The results of this practice have been carefully 
checked and no tuberculin dcsonsitirntion or lack of response has been found as long as 
the animals remained in sound physical condition. 


RESULTS AND DISCUSSION 

The data otII be presented in two parts: (A) An analysis of the dose-response 
characteristics of the slcin tuberculin reaction, and (B) an assay method for 
tuberculin preparations. 


A. Skin Reaction to Dose of Tuberculin 

The skin reaction to dose of tuberculin follows a linear relationship when the 
value of response (Y) and the dosage (X) are expressed in logarithms (figure 1). 


log Y = log a -f b log X Equation 1 

a, b = constants; or 

Y = aX*" Equation 2 


Obviously there is the same relationship whether 

/dV 

the diameter (D) of the erythema, its area — r ( — ) 


the reaction is expressed by 



any other power of D (since log Y* = C log Y"). 

The equation holds true for readings taken either at twenty-four or forty-eight 
hours after intradermal injection of tuberculin (figure 1). The twenty-four hour 
reading is favored, because the reaction is maximal at this time; furthermore, 
necrosis occurs at forty-eight hours with large doses of tuberculin. 

Using area as a measure of response twenty-four hours after inoculation, and 
the value 20 for 0.00002 mg. of PPD, the equation 3 


Yp’) =|17.0X«-‘« 

was found to fit the data in table 1. In deriving equation 3, there were 360 
determinations (4 from each pig) which were obtained in 4 experiments (22 to 24 
animals each) . The estimates of the constants of equation 3 thus represent those 
for a large population. In early calculations (as for equation 3), the diameters 
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tion thus becomes 


M = 


2T2 


The next step is to calculate the standard error of potency. An average stand' 
ard error is 

S.E. of potency = 2.30 X Sm X (antilog M), where 

’'“s 


(S = standard deviation of the population and b 


slope of the regression line) 


^S(.Y2) - (Ti^ + T."- + T3=')/N 


12(N - 1) 


tS(Y^) = sum of Y^S and N = the number of tests in the assay). The slope is calcu- 
lated by 


b = 


To 

2IN’ 


b 


To 

when I = 0.5 
N 


The accuracy of the method is shown by the figures computed from the data 
of 3 experiments in tables 2 and 3. 

The "unlcnoAvns” have assayed potencies 148.0 db 11.95, 181.7 d= 20.0 and 
142.7 ± 12.75 per cent that of the standard, while the actual potencies are 150, 
200 and 150 per cent, respectively. 

As indicated by the dose-response curve in figure 1, along a limited range, the 
response is approximately linear to the log-dose. Therefore, within this range, 
the above method may be used by a response-log dose relationship (instead of 
log-response and log-dose). As may be seen by comparing the values in table 2, 
there is no gain in the sensitivity of the method by using ordinary niunbers instead 
of logarithms. The use of logarithms for responses has the advantage in that 
the linear relationship covers the entire range of doses. 

Regarding the design of the e.xperiment, the following conditions are suggested 
for a simple, rapid, and accurate procedure for the assay of tuberculin prepara- 
tions. 

Reactivity: As in any biological assay, the sensitivity and accurac}’’ of a method 
depend upon both the reactivity and the uniformity in response of the testing 
animals. In tuberculin assays, therefore, only good reactors should be used. 
This requirement may usually be fulfilled bj’- using "sound” guinea pigs in which 
a liigh degree of tuberculin sensitmty has been established. 

Number of dctermviations: Ten determinations for each concentration, or 40 
determinations for each assay, are appropriate numbers required. Forty deter- 
minations may be carried out in 5 pigs, by inoculating 4 doses in each side of the 
dorsal sldn. 
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approximately mth one dose of the unknown and one dose of a standard, and 
calculated by the third power of the ratio of their skin reactions. 

Measurement: The maximal sidn reaction, twenty-four hours after inoculation, 
is favored for the evaluation of tuberculin preparations. It is immaterial 
whether the reaction is measured b 3 ’’ the area or by the diameter of the ei^’thema. 
For time saving in calculations, the diameter is preferred. 


TABLE 3 

Assay of Tuberculin (PPD) 


(A) 

(B) 

TEST 

KUiTBER 

DIAUETEE OF EEVTHEUA (tOO) FOE 

TEST 

NUMBER 

DtAMETEE OF EEYTHESIA (LOG) FOE 

•Us 

Ui 


Si 

•Uj 

Ui 

Si 

Si 

1 

1.04 

0.85 


0.88 

1 

1.04 

0.85 


0.88 

2 

1.15 

0.81 


0.70 

2 

1.15 

0.81 

mm 

0.70 

3 

1.15 

1.00 


0.93 

3 

1.15 

1.00 

1.10 

0.93 

4 

1.11 

0.88 

0.98 

0.88 

4 

1.11 

0.88 

0.98 

0.88 

5 

1.08 

0.78 

0.98 

0.74 

5 

1.08 

0.78 

0.98 

0.74 






6 

1.06 

0.78 

O.SS 

0.74 

Total . . . . 

Ti = 0.69, Ts = : 

2.09, T, 

= 0.31 

7 

1.10 

0.S5 

1.02 







8 

1.13 

0.88 

1.02 

0.85 

M = 

0.230, or 

170% ; Actual 200% 

9 

1.08 

0.88 

1.04 

0.74 

b = 0 

1.299, S = 

= 0.0566, 

Sm = 0 

.092 

10 

1.16 

0.90 

1.04 

0.74 

S.E. of Potency = 35.97% 












Total . . 

...T, = : 

1.66, T. = 

= 4.48, T 

= 0.40 






M = 

0.259 or 

181.7%; Actual 200% 






b = 0.320, S = 

= 0.0469, 

Sm = 0. 

048 






S.E. of Potency = 20.0% 



*U!, Ui, Sj, Si = 1, 0.2, 0.5, 0.1 7 of PPD. 


SUaiMARY 

An analj’'sis of the dose-response characteristics of the skin tuberculin reaction 
has been presented. E.xpressed in logarithms, the dose and the size of the ery- 
thema follow a linear relationship. The response, in terms of the area of the 
skin reaction, is proportional to the cubic root of the dose of tuberculin. 

Based upon the linealitj’- between dose and response, a statistical procedure 
has been used for the assay of tuberculin preparations. The relative potencj’' 
of an unlcnovm is computed from the regression line of a standard prepara- 
tion. The relative potency is determined in experiments planned in factorial 
design and evaluated tlirough the analysis of variance. 

SUJUVRIO 

La Cuiirreacdon a la TtibercuUna para la Valoradon de la TubercuUna en 

las Cobayos 

Pres4ntanse un analisis de las caracteristicas de la dosis-respuesta de la cuti- 
tuberculinorreaccidn. Expresada en logaritmos, la dosis y el tamano del 
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INHIBITION OF THE TUBERCULIN TYPE REACTION BY 
ANTIHISTAMINIC DRUGS AND RUTINi 

LEO H. CRIEP, MACY I. LEVINE and THEODORE H. AARON 
(Received for publication June 2, 1948) 

INTHODTTCnON 

Since the outstanding elementary experiment of Robert Koch on the reinocu- 
lation of tubercle bacilli into the sldn of the laboratory animal, much work has 
been expended on tuberculin sensitivity. 

Sensitivity in general has been divided into two groups, humoral and cellular. 
In the humoral group the circulating antibodies are present in the intercellular 
fluid and blood stream. In this type of sensitivity the skin responds to intracu- 
taneous injections of offending antigens with an immediate whealing reaction, as, 
for example, in ragweed hay fever. In the cellular group, the antibodies are 
present in the cells themselves and the skin responds with a delayed inflammatory 
reaction. This is the group to which the tuberculin ts^je of sensitivity belongs. 

Two well-known methods are used to test for delayed tuberculin sensitivity. 
The first is the contact or patch test method. When tuberculin is brought in 
contact with the sensitive skin, a reaction occurs in the epidermis within forty- 
eight hours with the development of spongiosis and intradermal vesiculation. 
The second type is the method of the intradermal injection of tuberculin. A 
reaction develops in the sensitive cutis in forty-eight hours with lymphocytic and 
epithelioid infiltration and a connective and vascular tissue response. 

With the recent development of the antihistaminic drugs, more interest has 
been displayed in Lewis’s histamine theory of sensitivity. It is believed that in 
the humoral group the union of antigen and antibody causes the release of hista- 
mine or a histamine-like substance which gives an immediate reaction. Antihis- 
taminic drugs will inhibit this reaction (1, 2, 3). Histamine, according to present 
concepts plays no part in the delay^ed cellularreaction. Inference hasbeen made, 
therefore, that the antihistaminic drugs have no influence on tuberculin sensi- 
tivity. If they do, it would be by some other mechanism. 

In order to test further the validity of these theoretical considerations, an at- 
tempt has been made to inhibit the tuberculin type of reaction by means of anti- 
histaminic agents and rutin. 

METHODS 

Old Tuberculin, Tuberculin, Purified Protein Derivative (PPD)®, the Tuberculin Patch 
Test (Vollmer)*, rutin*, and pyribenzamine hydrochloride', in tablet and powder form were 
used in the following experiments. 


* Prom the Department of Medicine, Section of Allergy, School of Medicine, University 
of Pittsburgh, Pittsburgh, Pennsylvania. 

® Parke, Davis & Co., 

' Lederle Laboratories. 

* Generously supplied by E. R. Squibb & Sons, New York, N. Y. 

‘ Generously supplied by Ciba Pharmaceutical Products, Inc., Summit, N. J, 
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culin patches could be applied directly thereon. Control patch tests were 
placed on the opposite arm. Strips were removed in forty-eight hours and read- 
ings were made at that time. All showed definite positive reactions on the con- 
trol sites. Eight patients had identical reactions where pyribenzamine had been 
injected and 3 had a smaller reaction. Five patients were observed for forty- 
eight additional hours, but there was no change except for fading of all reactions 
at the time of the final reading. 

Iontophoresis of Pyribenzamine and Tuberculin Testing 

Pyribenzamine hydrochloride was introduced into an area of slcin (3^ by 7^ 
cm.) of the forearm by means of a standard iontophoresis apparatus (4, 5) using 
one third milliampere per sq. cm. for five minutes and a 10 per cent solution of 
pyribenzamine hydrochloride. One hour later, when the primary erythema had 
subsided, the tubercuUn patch was applied to this site. Control patches were 
applied to the opposite forearm. Both, patches were removed in forty-eight 
hours. Readings and comparisons were made immediately, twenty-four and 
forty-eight hours later. Of the 4 patients thus tested, 3 reacted identically in all 
sites and one had a less severe reaction on the iontophorized site. 

In another group of patients pyribenzamine was similarly introduced in an 
area of the forearm (3^ by 3| cm.) with the same apparatus, using one half milli- 
ampere per sq. cm. for five minutes. One hour later, with subsidence of ery- 
thema, the center of the infiltrated area was injected with 0.1 cc. of tuberculin 
(PPD) strength 1 or 2. A similar injection of PPD was simultaneously made in 
the opposite forearm. Reactions were measured in forty-eight and seventy-two 
hours. Of 5 patients given PPD strength 2, similar reactions in both arms 
occurred in 2, but 3 had more severe reactions in the arms infiltrated with pyriben- 
zamine. One patient was given PPD strength 1, with identical reactions in both 
sites. 

Simxiltaneous Injection of Tubercidin and Antihistaminic Agents Mixed in Vitro 

PPD tablets, strength 1 or 2, were dissolved in 1 cc. of 1 per cent pyribenza- 
mine. One-tenth cc. of this mixture was then injected intradermally in the fore- 
arm and 0.1 cc. of the control strength of PPD in sterile buffered saline was 
similarly injected in the opposite arm. Reactions were read in forty-eight hours. 
Six patients in whom strength 1 was used showed marked reduction in size of the 
reaction in the arm in which pyribenzamine and tuberculin were injected. Two 
of 3 patients given second strength PPD had a similar inhibition of the reaction. 

In 2 patients in whom thephorin was used and in 2 with neohutramine instead 
of pyribenzamine, this mixture likewise gave smaller reactions than controls. 

Histoplasmin and Pyribenzamine 

One-tenth cc. concentrated histoplasmin was diluted with 9.9 cc. of 1 per cent 
pyribenzamine in normal saline and 0.1 cc. of the mixture was injected in the 
forearm. As a control 0.1 cc. of a mixture of histoplasmin in normal saline 
in a similar concentration was injected in the opposite forearm. Reactions were 
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In the present study it was not possible to influence the Mantoux test with high 
oral doses of pyribenzamine. Likewise, there appeared to be little effect on both 
the patch and intradermal tuberculin test when applied over sites previously in- 
filtrated by injection or by iontophoresis with pyribenzamine. 

Although statistically quite a few tests showed some inhibition, in most cases 
this inhibition was of small degree and probably within the normal variations of 
the test. Tuberculin reactions are notably inconstant. Of 22 patients tested 
on three occasions by Guy, only 5 showed rather constant results. Furthermore, 
Sulzberger states that in some cases repeated injections of tuberculin alter 
the sensitivity, in some increasing it and in others decreasing it. Rich has 
also observed variations in reactions to tuberculin tests. When tuberculin is 
mixed with any antihistaminic drug prior to testing, results are consistently 
diminished. This may be due to a chemical inactivation of the tubeiculin by 
these drugs in vitro. 

The histoplasmin skin test is comparable to the tuberculin test in that it also 
gives a delayed type of reaction. When mixed with pyribenzamine in' vitro and 
injected, it failed to antagonize the reaction. Histoplasmin may not be affected 
by pyribenzamine in vitro. 

It is believed that there is a relationship between capillary permeability and 
the delayed inflammatory tuberculin type of reaction. Rutin has been used to 
decrease capillary permeability. It has been shown (10) that rutin protects 
against anaphylactic sliock. In the present study, however, it was not possible 
to prevent the tuberculin reaction by the oral administration of rutin. 

CONCLUSION 

The tuberculin type of sensitivity reaction is not affected by antihistaminic 
drugs or by rutin. 

Pyribenzamine did not prevent the development of tuberculin sensitivity in 
guinea pigs infected with tubercle bacilli, although some delay in this develop- 
ment was noted. 

The oral administration of rutin, another drug which has shown some anti- 
anaphylactic activity, failed to inhibit the tuberculin reaction. 

CONCLUSIONES 

Inhibicion do la Reacdon de Tipo Txtbercvllnico por Antihistaminicos y Rutina 

La reaccidn de sensibilidad de tipo tuberculinico no es afectada por los anti- 
histaminicos 0 por la rutina. 

La piribenzamina no impidid la aparicidn de sensibilidad a la tuberculina en 
los cobayos infectados con bacilos tuberculosos, aunque se notd cierta tardanza 
en dicha aparicidn. 

La administracidn oral de otra droga, la rutina, que ha mostrado alguna activi- 
dad antianafildctica, tampoco inhibid la reaccidn a la tuberculina. 

REFERENCES 

(1) Feinberg, S. M.: Histamine and antihistaminic agents: Their experimental and 
therapeutic status, J. A. hi. A., 1946, ISB, 703. 




EDITORIAL 

Ten Beds per Death or Eradication, not Reduction, of Tuberculosis 

Institutional isolation of tuberculosis has evolved as an incidental by-product 
of attempts to improve the condition of individual patients. The pioneers of the 
sanatorium movement, such as Brehmer and Trudeau, thought chiefly of the 
value of the sanatorium to the patients. But the value of segregation in dimin- 
ishing the spread of the disease was suggested at a very early date. Koch him- 
self, when announcing the communicability of this disease, advocated the control 
of tuberculosis through the suppression of the sources of infectious materials. 
In his classic book. The Prevention of Tuberculosis, Newshohne demonstrated, in 
1908, that institutional segregation is the predominant factor in the decline of 
tuberculosis. 

In the days when the tuberculosis death rate in the United States was around 
200 per 100,000, there were only a few scattered sanatoriums, occupied to a great 
extent by what were then considered “favorable” cases for treatment. It then 
seemed visionary and impractical to aslc that every patient with tuberculosis bein- 
stitutionaUzed throughout the entire period of active disease, or even that patients 
should receive sanatorium care during the last year of their lives. But gradually, 
as facilities increased and tuberculosis decreased, the feasibility and desirability 
of such goals met vdth recognition. 

In 1916 the Legislature of Massachusetts passed a law requiring hospitaliza- 
tion for tuberculosis equivalent to one bed per two annual deaths or one per 
50,000 inhabitants (corresponding to a death rate of 100 per 100,000). In his 
admirable reports on the Framingham e.xperiment a few years later, Armstrong 
recommended one bed per annual death. This was accepted by the National 
Tuberculosis Association and advocated for nearly a generation. By 1929 
David Lyman recognized that a ratio of one bed for each annual death was too 
low. In his presidential address in 1940, Doctor H. D. Chadwick set a goal of 
two beds per death as the minimum requirement for the control of tuberculosis. 
Two years later, in The Modem Atlojch on Tuberculosis, Chadwick and Pope 
recommended at least two and one-half beds per annual death. 

It was asserted then that States having as many as three beds per death were 
more than adequately supplied and would have no waiting lists and even some 
empty beds. As the tuberculosis death rate dechned, however, the ratio of beds 
to deaths increased so that there is now an average of nearly three beds per death 
throughout the United States and in some communities more than six beds per 
death maj’’ be available and utilized. But this is still far below the ideal of sana- 
torium care for every patient affected with active tuberculosis throughout the 
period of infecti\dty. 

Most tuberculosis workers, like Chadvdck, have accepted the Framingham 
findings that approximate^ ten cases of active tuberculosis may be found in a 
community for each annual death. Whether really adequate institutional facili- 
ties for the total eradication of pulmonarj’- tuberculosis will require five or twenty 
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sibility for a definite number of deaths from tuberculosis which would be prevent- 
able if an all-out campaign for complete hospitalization and tuberculosis eradica- 
tion were to be undertaken. 

Before prematurely considering conversion of tuberculosis facihties and forces 
for combating other diseases, we should make sure that this condition has been 
really adequately handled. Patients with closed, arrested, and inactive disease, 
in whom repeated laboratory examinations fail to reveal discharge of tubercle 
bacilli, may be cared for in dispensaries, or offices, or in their homes. But any 
patient who is expectorating tubercle bacilli is a potential hazard to his com- 
munity and under ideal conditions should certainly be segregated where danger 
of his spreading the disease may be averted. One bed per death was a grand 
slogan for 1918, ten beds per death or a bed for every patient noth active tuber- 
culosis should be our demand for 1950. 


Emil Bogen 
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precipitation in n positive serum was found to be Sy of the soluble carbohydrate, i.e., 
onc-twcntictli of a cc. of 0.1 ing. per cc. solution. The tested sera as well as the control 
sera were stored at 'l^C. for eight to ten days, and the readings were made after centrifuga- 
tion for five minutes at 4,500 r.p.m. In a positi^a scrum, a firm transparent disc is 
usually formed, which is easilj’’ seen bj' slight agitation of the tube. A false precipitate 
is sometimes found in both tubes, but these rapidly go into solution after some agitation, 
’Results: Two hundred ninety-eight sera from cases of tuberculosis have been tested 
thus far through the collaboration of Dr. A. Chaves. The classification of the state of 
the disease for all cases was made bj' Doctor Chaves. The specimens were obtained from 
various Health Department clinics and several hospitals. 'ISvo hundred nine of the 298 
specimens were obtained from cases of active tuberculosis, comprising all varieties of the 
disease from rapidlj’' progressive cases to regressive cases. Eighty-nine were inactive 
cases, classified according to whether the disease had been present for less or for more than 
two years. A table of the results obtained in the various groups is presented. The total 
in each group is small, but the trend of the results is interesting. 



1 TUBERCULOOS CASES 



1 Active j 

1 Inactive 

KORXIAL AKP 
OTHERS 


prosTCSSive 

Intermediate 

Regressive 

0 to 2 years 

Over 2 years 

+ 

23 

3G 

37 

22 

5 

5 


SO 

39 

24 

17 

45 

94 

Number 

1 

CO 

75 

61 

39 

60 

99 


It will be noted that antibodies were not found in the blood of all the active cases. 
Only in about 50 per cent of the active cases were the sera found to be positive. Never- 
theless, the relative proportion of the positive to the negative sera was three times liigher 
in the regressive cases (column 3) than in the rapidlj" progressive cases (column 1). 
An almost equal number of positive and neg.ative sera was found in the intermediate group. 

Antibodies were found in some of the inactive cases, but the relative proportion of 
positive to negative sera is very much higher in the infections which had been inactive 
for less than two years than in tliose inactive for more than two years. 

As a control for the specificitj" of this precipitin test, the sera of 99 persons who pre- 
sumably did not have tuberculosis were examined. Included in this group were speci- 
mens obtained from 47 normal persons, 5 patients with syphilis plus a pool of sera from 
10 other earlj" sypliilitic infections, 13 patients with pneumonia, 15 with cancer, and 18 
who had various other illnesses. Five positive reactions were found in this group of 99 in- 
dhdduals. One person was a contact of a case of active tuberculosis, 2 had recently re- 
covered from a nontuberculous pneumonia, and 2 were patients in the chest clinic who 
were classified as “normal.” Tlie diagnosis of "nontuberculous” was made only on 
the basis of the chest roentgenogram. 

These results seem to indicate that carbohydrate antibodies are more prevalent in 
tuberculous patients who are successfully fighting against the disease than in patients in 
which the infection is progressing rapidly. The results also show that antibodies remain 
present for a certain period of time in the sera of patients who have overcome the disease 
(from the clinical point of view). 
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Ttiheradosis in the Brili^h Zone of Germany, iviOi a Section on Berlin. Report of an Inquiry 
Made in Scptcmlcr-Oclohcr 1947 by M. Daniels, M.D., D.P.H., and P. D’Arcy Hart, M.D., 
F.R.C.P., Members of the Scientific Staff Medical Research Council. Pp. S2, His Majesty’s 
Stationery Office, London, 194S, paper, Sixpence net. 

Report on Tuberculosis in Germany (U. S. Zone) by a Commission Appointed by the Secretary 
of the Army, Composed of Esmond R. Long, M.D., Philip E. Sartwell, M.D., Colonel Silas 
B. Hays, M.D., and Major Alonzo TF. Clark, M.S.C., March 6, 1948. Pp. 37. 

Under government auspices both Great Britain and the United States have made surs’-eys 
in occupied German}* for the purpose of determining the influence of World War II on the 
incidence, course, and death rate of tuberculosis during the War and its subsequent course 
and prevalence. The writem of these reports also discuss discovery, reporting, preven- 
tion, and management at the present time and present a discussion of manifest trends. 

TIio assignment of the British investigation arose through a request from the Public 
Health Adviser addressed to the British Military Governor. As a result, the Ministry of 
Health was invited by the Foreign Office to arrange the investigation. The investigations 
were carried on in September and October, 1947, and reported in 1948. The main assign- 
ment was to the British 2jone of Germany but attention was also directed to the situation 
in Berlin. 

The surv'cy conducted by the United States was initiated by orders from the Secretary 
of the Army, dated Februarj' 9, 191S. The members of the United States commission 
were directed “to investigate the incidence of, and recommend control measures for, tuber- 
culosis among the German civilian population." The investigations were carried out and 
reported under date of March 5, 1948. This survey was limited to “Berlin and the three 
largest Liinder of the U. S. Zone.” 

The British and the U. S, teams devoted appro.^mately the same length of time to the 
respective surr^eys. Though not identically stated, their objectives were virtually the 
same, the problems confronting them were almost identical, their methods of approach 
were similar, and their findings were so nearly parallel as to inspire added confidence in 
their findings. In this brief review of the two reports, we can mention only their principal 
findings in relation to the effects of war and postwar trends. 

Both surs'eys show the upsurge in the mortality rates as the War progressed, reaching 
its peak in 1 945 and gradually declining since the War. On the whole, the rise in mortality 
was decidedly greater in urban than in rural communities and the larger the city, the 
sharper the rise. It is thought particular!}’- by the U. S. commission that bombing, de- 
struction of homes, the interruption of communications, and the resulting nervous strain 
plus a shortage of food supplies were important contributing factors. The British report 
indicates that in Berlin the death rate from all forms of tuberculosis was 90 in 1937 and 
291 in 1945 (the peak). The United States study arrived at virtually identical conclu- 
sions. Both reports indicate that local health authorities through case finding and re- 
porting are of the opinion that the incidence of active tuberculosis is increasing but the 
reporters believe this is a consequence of revival of the clinical services and case finding 
facilities and improved methods of diagnosis and discovery. 

There is uniformity of opinion concerning the relatively high bed capacity for the 
management of tuberculous cases except in the city of Berlin. The situation in the British 
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Often these writers’ Icnowletigc of the disease has seemed far superior to their grasp of the 
intricacies of human behavior. 

Possibly as a result of reviewing such studies in advance of this study, a fresh approach 
and technique have been utilized. Experienced social workers, to whom the assignment 
was a now task and not an ancient frustration, were assigned to inteiauew veterans whose 
discharge had been irregular. The sample selected was the accessible portion of all 
irregularly discharged jsatients who left trc.atment facilities during July, 1947. The 
hospitals were oj)cratcd or financed by the Veterans Administration. The number of 
patients inter\-iewcd was 401. 

Tliis procedure yielded sonre figures whicli li.ave been presented in appropriately simple 
tables. In this study tliej' arc used to check and validate qualitative obsen^ation and 
experience rather than as an isolated source for conclusions. The selection of a single 
time intcn'al eliminates variations due to changing economic and seasonal factors. The 
author lias carried on concurrently a tlioughtful examination of medical and ps 3 'choIogicaI 
literature dealing with the behavior of patients and others in comparable circumstances. 
Accordingly’, this reviewer is perjilexcd that j\Ir. Tollen appears to remain unawiire of the 
degree to which chronic iiaticnts other than the tuberculous also resist medical intentions 
and advice. The problem of infection has brought such behavior into the spotlight in 
tuberculosis. Are we to believe that the death toll from coronary thrombosis, for e.\'ample, 
includes no pereons who have turned their backs on sound medical advice? Or are we 
dealing with a common human pattern of behavior which the presence of tuberculosis 
throws into high reUcf? 

In this report we have presented to us the statements of the patients regarding their 
motivation and evaluation by trained intendewers, who also had access to hospital records. 
Wlicthcr or not one agrees wholly with such evaluation, it is apparent that the study is an 
effort to ascertain the facts and not an attempt to justify (or to discredit) medical or ad- 
ministrative method. Tlic willingness of the Veterans Administration to review its 
effectiveness in this wa.v is a reassuring attitude. The efforts of medical personnel to 
supplement its own perspectives by those of other disciplines also augurs well for the 
future development of the VA Tuberculosis Scr\’ice. 

Tlie author’s conclusions, which he presents with considerable eloquence, are far from 
arbitrary. He offere no single panacea. On two points his conclusions resemble those of 
Betty MacDonald (author of T/ic Plague and I, a lay study of how tuberculosis treatment 
looked to a patient), first that recoveiy from tuberculosis may depend considerably upon 
the degree of self-discipline achieved bj’ the patient and, second, that the confidence of the 
patient in the persons who order and administer his treatment may be a key to that disci- 
pline. Both authors reject the notion that everything beside the lesion may be dumped 
into the lap of some extra-medical worker and dismissed, no matter what skills are in- 
volved. Both see the most complete supplemental staffing of a hospital as but the 
lengthened shadow of the phj’sician and his understanding of the patient’s problems of 
treatment and recovery’. 

It is to be hoped that this pamphlet is only the first installment in a habitual and con- 
tinuing studj’ of the behavior of tuberculous veterans and its relation to their treatment 
and recovery. This publication is unimpeded by’ professional jargon or official gobble- 
degook. It provides food for thought both for those who are concerned with veterans’ 
affairs and for those who wish to make isolation and treatment of the tuberculous a more 
effective instrument in the control of the disease. 


Holland Hudson 
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Actinomyces, the production of antibiotic substances, and on streptothricin. The author 
index has cross references to all the authors of each paper and is very useful. The refer- 
ences on streptomycin, however, are listed roughly in the order of their appearance and 
are indexed only by the principal topic of each paper. This arrangement detracts con- 
siderably from the usefulness of the volume, especially for those who are not already 
familiar with much of the work on streptomycin. The important paper which appeared 
in 1944 announcing the isolation of streptomycin by A. Schatz, E. Bugie, and S. A. Waks- 
man is reprinted in full. 

Lawrence B. Hobson 


J. K. Donaldson: Surfftcal Disorders of the Chcsl. Second Edition. Pp. 485, Lea and 
Febigcr, Philadelphia, 1947, cloth, $8.50. 

The main additions to the first edition of this work (1944) include a description of the ad- 
A’ances made in traumatic thoracic surgerj' during World War II and more details in the 
treatment of pleurisj’, surgical diseases of the esophagus, and the surgeiy of congenital 
cardiovascular anomalies. 

In liis preface, the author states that the volume is primarily designed as a reference 
book for physicians, surgeons, and medical students. He indicates that sufficient tech- 
nic.al detail is included to permit the competent general surgeon to treat certain surgical 
disorders of the chest. 

As the most recently published attempt to correlate what is new in the surgery of the 
chest, the book is certainly worthy of serious consideration and careful study. Many 
medical students and physicians, not specialists, will find it a useful reference text. The 
inclusion of the chapter on Rcsnscitalion and Inhalation Therapy is a welcome addition to 
a surgical volume. 

On the critical side several features of the book must be discussed. The over-all 
impression is that the text was written hurriedly. There are far too many references to 
other sections in the book, particularly following sections. This, combined with frequent 
parenthesized directions, makes for poor continuity both of text and thought. As a con- 
sequence either of carelessness in writing the original text or inadequate proof-reading, 
there are at least 40 examples of misspelled words, unmeldy English, and misquoted 
statistics. 

Prontal roentgenograms are not positioned uniformly. On pages 132 and 310 they are 
reproduced differently in the same figure. On page 222 the roentgenogram is upside down. 
The roentgenograpliic illustrations frequently are inadequate, particularly the broncho- 
grams. This may be due in part, however, to a poorer grade of paper in the second edition, 
undoubtedly necessary because of war restrictions. 

In general, the illustrations are adequate and many are excellent. Figure 107 (page 324) 
is however, extremely small and is confusing even to a surgeon with considerable knowledge 
of hilar anatomy. Unfortunately, the colored plates on decortication lack third dimen- 
sional detail. 

A few of the more obvious deficiencies in the text should be listed. The important role 
of endoscopic procedures in diagnosis and treatment is nowhere emphasized sufficiently. 
Specific examples are found in the inadequate discussion of indications for bronchoscopy 
in bronchiectasis, postoperative pulmonary complications, and tuberculosis. The infer- 
ence is made throughout that the thoracic surgeon usually does not perform his own 
endoscopies, an entirely unwarranted impression. 
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